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Summary

The transmission ofAscaris suum depends upon the type of swine production system.
Organic farm with outdoor facilities provide favbta conditions for the development and
survival of this soil transmitted helminth. The geat study was carried out from late
October 2013 to late February 2014 to study thectidn dynamics oA. suumin pigs born
and raised on two Danish organic farms (farm A famch B). Contaminationvith infective

A. suum eggs in farrowing paddock was estimated once blyssonpling on late October
2013. Pensample collection was performed twiceate October and late November 2013
from farm A and late October and early Decembei3Z0dm farm B. At three different time
points, 45 pigs (15 pig/time) from each farm weeenopsied at three different time points
(n=15) when the pigs were 7-9 (weaners; on lateolist 2013 from both farms), 11-13
(growers; on late November 2013 from farm A andye@ecember 2013 from farm B ) and
23-25 weeks old (finishers; on mid-February: farmaAd late February: farm B). Very
young (<1cm ), young ( >1- <12 cm: male and >1- <15 cm:dkhand adult (Male>12

cm and Femalel5cm )A. suum were recovered from the small intestine. The luagd
superficial white spots on the livers were enunegtafFaeces of the necropsied pigs were
examined folA. suum eggs.

The outdoor pastures and indoor pens of both famer® found to be contaminated with
infective A. suum eggs. The prevalences of lung larvae and very youomgn in the small
intestine were higher in the weaners (lung lan&&n; white spots: 100%; very young
worms: 93%) compared to the growers (lung larv&86;7very young worms: 87%) and the
finishers (0% lung larva, very young worms: 47%heTprevalence of adult worms were
higher in the finishers (87%) compared to the wear(83%) and the growers (20%).
Similarly, on farm B, 100% weaners hAdsuum larva in the lungs. In total, 93% of them
had very young worms and 33% had young worms. Qfrb@ers, 13% had lung larva, 47%
had very young and 27% had young worms. None ofitiighers had lung larva, 40% had
very young and 13% had young worms. The prevalefcult worm was higher in the
finishers (47%) followed by the weaners (0%) areldlhowers (13%).

Based on the results of the present study it cardmeluded that all pigs could have

acquired infection before weaning. After movingthe@ indoor pens, most of the pigs can

\



expel the worms and reinfected if the pens arearnmiated withA. suum eggs. Over time,
the intensity and prevalence of the infection dases which is most likely due to
development of immunity. It has also been shown tt& environmental contamination with
infective A. suum eggs is present in both indoor pens and outdoaugasTherefore, the
level of infection on the farms could be minimizbg combining anthelmintic treatment

(after diagnosis) with proper cleaning and dryifighe pens.

VI



1 Introduction

Ascaris suum is the most common helminth in all pig productgystems around the world.
In Denmark,A. suum is present in the most intensive (specific pathdgee/SPF) systems,
but it is especially the organic farms which arestradfected (Roepstorff and Nansen, 1994).
For organic pig production, certain mandatory rygsch as access to outdoor grazing, use
of water sprinklers, etc) have been laid down by bhternational Federation of Organic
Agricultural Movements (IFOAM, 2000). These regidas have provided better health and
animal welfare but they have also increased tHe afsparasitic transmission (Fruh et al.,
2011).

Pork production has been a major source of incani2zenmark for more than 100 years. It
has been estimated that in 2012 only, there weme than 12 million pigs in Denmark and
the Danish pork industry produced 29.1 million pige same year of which 100,000 came
from organic pig production (Danish Agriculture aRdod Council, 2013). Since its early
days, Danish swine industry has been changed fr@e-ringe farming system to an
intensive indoor system which helped to eradicat@es helminths such ddyostrongylus
rubidus (Roepstorff et al., 1998). However, re-introductafoutdoor grazing system in the
pig farming practice has benefited the developraedtsurvival of certain helminths such as
Ascaris suum, Oesophagostomum spp. and Trichuris suis (Carstensen et al., 2002;
Haugegaard, 2010).

Ascaris suum is responsible for economic losses to the swimgymtion though it seldom
causes any clinical disease (Eriksen et al., 1992de et al., 1985). The reduced feed
efficiency, reduced weight gain and condemnationhefliver are the major causes of the
economic losses (reviewed by Thamsborg et al., 00%ddition, a study by Steenhard et
al. (2009) indicated thatA. suum infection reduces the efficacy oMycoplasma
hyopneumoniae vaccine. Nevertheless, the overall effectfofsuum depends upon various
factors such as health status, age of the piggucmnt infections and level of exposure to
the parasites. Apart from these, there are sewaramlences of zoonosiby A. suum
(Anderson, 1995; Galvin, 1968; Nejsum et al., 2006)a recent study by Nejsum et al.
(2005),A. suum infection was seen in children exposed to pig mamurViborg, Denmark,

thus indicating a risk of transmission to the hurpapulation.



The maintenance of high level of hygiene (such s& of slatted floors in indoor pens
without beddings on intensive production systenRpepstorff and Nilsson, 1991) is
believed to decrease the transmission rate. Threreeatain rules and regulations regarding
the management of organic pig production systemchwhias set higher priorities for
improved animal health and welfare. Some of tham@ns are: farrowing sows and piglets
should be kept outdoors in pasture all year routtid a&/provision of huts and natural shelter;
the pregnant sows should be kept in pasture fornmim of 150 days; the piglets must be
weaned at the age of minimum of seven weeks anddfter they should be moved to the
indoor pens with the provision of bedding mateaiatl an access to outdoor run (Frth et al.,
2011). Furthermore, pigs should be given organat dnd anthelmintics use should be
limited, and in order to avoid heat stress, thespgmould have sprinklers (or wallows on
pasture) (Fruh et al., 2011).

The microclimatic condition of the outdoor enviroamh favors the development Af suum
eggs (Larsen and Roepstorff, 1999; Mejer and Ro€jhsR006). The bedding material that
is provided to the pigs in the indoor pens furtirareases the survivability of the eggs
(Roepstorff and Nilsson, 1991). Moreover, the festm of chemicals in organic farms
makes it difficult to remove the eggs from the @wninated pens.

It has been reported from several studies thatgigesed continuously to infective suum
eggs, eliminate the majority of the larvae from #meall intestine (Eriksen et al., 1992a;
Mejer and Roepstorff, 2006; Roepstorff and Murrg897). The surviving population of the
worms in the small intestine has an aggregatedlalision within the host population (Mejer
and Roepstorff, 2006). This phenomenon may be éhaed of the development of acquired
resistance of the host (Urban et al.,, 1988). Mogeown organic pig production, the
prevalence ofA. suum is higher in younger pigs (Carstensen et al., 260&epstorff et al.,
1998) while in intensive farming, higher prevalerman be seen in fatteners and sows
(Roepstorff and Murrell, 1997; Roepstorff and NansE94). However, most of the studies
were performed experimentally mimicking the natuealvironment which may partially
relate to the real-life situations. Therefore, ithifection dynamics may alter when the studies
are carried out under natural conditions. It hasobee utmost important to contrAl suum

by the use of alternative control measures in aogdarms. Therefore, understanding



transmission dynamics over time may provide insigbtprevent thé. suum transmission

in pigs.

The hypothesis of the present study was that gidiatbor infection in their early lives from
the contaminated environment (farrowing pasture)wds also believed that the farmers
clean the pens and allow them to dry after remowldgoatch of pigs so that there should be
no or only a few number of infective eggs left Ire tpens thereby minimizing the risk of

infections to the following (upcoming batch of tweaners).

Herein, this study attempted to investigate thagmassion patterns &. suum in different
age group of pigs on two Danish organic farms aedcdbe the sequential infection
dynamics from the farrowing unit until the pigs alaughtered. Moreover, this thesis also
gives an overview of the environmental contamimatiothe empty pens where the pigs are

moved to.

1.1 Objectives of the study

1.1.1 General objective

* To describe the transmission &f suum in naturally exposed cohorts of pigs from

farrowing to normal slaughter weight.

1.1.2 Specific objectives

* To investigate the pattern & suum infection in organic pigs of two farms at three
different time points when the pigs are 7-9 wedls13 weeks and 23-25 weeks old.
* To determine the number of infective eggs in th&door farrowing pasture and in the

indoor pens.



2 Literaturereview
2.1 Ascaris suum

Ascaris suum is a large roundworm of pigs, and has a worldwidgridution. The length of
the adult malé\. suum s around 15-25 cm and males tend to bend thetepor end (Fig 1)
while the slender females can reach upto 20-35Raoegstorff and Murrell, 1997) and can
produce 0.2 -1.9 million eggs (Fig 2) per day (@Qlséal., 1958).
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Fig 1. Male (M) and Female (FAscaris suum Fig 2. A freshAscaris suumegg

2.2 Lifecycleof A. suum

The life cycle ofA. suumis direct in that it is transmitted via a faecadlaroute (Fig 3). Male
and femaleA. suum reside in the upper small intestine and after ngatemale wormstarts
producing eggs. The eggs are then excreted in gagek. Under suitable environmental
conditions (temperature and moisture), a larva lkdgegeinside the eggs where it undergoes
two ecdyses producing a third stage larva (L3) {&tar, 1950). In Denmark, it normally
takes 4-6 weeks for complete embryonation of eggsummer while it may take a year to
develop for the eggs deposited in the autumn ortewifLarsen and Roepstorff, 1999;
Roepstorff and Murrell, 1997). Pigs get infectedmipngestion of infective eggs containing
L3 which hatches in the upper small intestine bgrestng proteinases and chitinases that
degrade the different layers of the eggshell (G&0§2; Hinck and Ivey, 1976). The larva
then penetrates the mucosa in the caecum and eatom 24 hr (Murrell et al., 1997,

Rhodes et al., 1977) and migrates to the liver iwitB4 days (Roepstorff and Murrell,



1997). The larva migrates within the liver parenmolaybefore it migrates to the lungs. At this
stage the host immune response triggers the dewelaipof pathological lesions in the liver,
which are referred to as white spots or milk sg&®snéus, 1966). The formation of white
spot in liver as suggested by Roepstorff (2003bhes result of immune responses to the
mechanical injury associated with the parenchymaration of the larvae. These white
spots provide information on how recently the itifat occurred in the host as these spots
disappear 3-6 weeks after exposure (Eriksen e1@80). The larva then travels to the lungs
via bloodstream within 6-8 days post infection wehérgets trapped in the lung capillaries
(Douvres et al., 1969) and enters the alveoli avesgo the upper respiratory tract (first to
bronchi and then the trachea). The larva is cougipednd gets swallowed and reaches the
small intestine around day 10 (Douvres et al., J9B®st of the larvae are expelled at this
stage and the remaining larvae moult to L4, andbtat around 23-24 p.i. and finally mature
to adult by day 42-49 p.i. (Roepstorff and Murr&B97).

Larvae establish in the small
Larvae migrate up intestine and become
the bronchi and patent at week 6-8
are swallowed

N
\
.
\
]
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Ingestion of ]
infective egg
Hatched larvae penetrate the large

intestinal wall and migrate via the

liver to the lungs

Unembryonated

Infective egg egg in faeces

with L3-larva

Fig 3. The life cycle ofAscaris suum asillustrated by William P Hamilton (Roepstorff ancahsen,
1998)



2.3 Structure of A. suum egg shells

The complex thick-shelled eggs of these nematodss mesist harsh environmental
conditions. The eggs have four-layered shell &timgj of an inner lipid layer (ascaroside), a
middle chitinous layer, a lipoprotein vitelline Exyand an outermost mucopolysaccharide
and a proteinaceous uterine layer (Wharton, 198b& lipid layer protects the egg from
desiccation by minimizing the loss of water (Whart@980). This impermeable lipid layer
also protects the eggs from various chemicals ascstrong acids, bases and surface-acting
agents (Barrett, 1976). The thickest chitinous lagea protein/chitin complex that provides
structural strength to the eggs (Wharton, 1980) Vhelline layer is derived from the
vitelline membrane of the fertilized oocyte (Whartd 980), but the function of this layer
has not been reported yet. The uterine layer igcath mucopolysachharide-protein complex
derived from the cells of the worm uterus and hdges and depressions on the surface
(Wharton, 1980).

2.4 Epidemiology

The transmission oA. suum depends upon the development and survival of agdke
environment, management system of the farms, aadkshaviour, general body condition

and the genetics of the host.

2.4.1 Survival of eggsin the environment

Eggs of Ascaris spp. are resistant to freezing and can survive dpto/ears in the soil

(Kransnonos, 1978) but the development of the ¢égjgsplace only when the environmental
temperature is in between 16-34°C (Oksanen efl@90; Seamster, 1950). Under optimal
conditions when the temperature of the environmranges between 16.7°C-34.4°C, the

eggs require at least 2-5 weeks (Seamster, 195@uvelop into infective eggs.

The development and survival of the eggs depentlertp upon the temperature but also to
the exposure to the direct sunlight (due to whiggsecould dry out), vegetation and
precipitation (Kraglund, 1999; Larsen and Roep§toiB99; Roepstorff et al., 2001).
Seamster (1950) observed that the embryonatidsaalris eggsdid not take place when the
relative humidity was below 100% at 31°C. Similatlye anaerobic condition or a very low

concentration of oxygen in the surrounding can aféect the embryonation &f. suum eggs



(Passey and Fairbairn, 1955). The main reasormiotaw level of egg survivability inside
the pen, as suggested by Katakam (2014), can béodaw levels of the oxygen present in
the bedding materials present in litter areas énitidloor environment compared to outdoor
pastures. The other factor that plays role in #aneetbpment and survival of tife suum eggs
are the presence of ammonia (which has detrimeffedt onA. suum eggs)(Katakam et al.,
2013) and pH of the environment (Gantzer et alQ120Hence, the embryonation of the

eggs can only take place if the microclimatic ctinds of the environment are suitable.

2.4.2 Ascaris suum transmission in different management system

Transmission of. suum infection varies with the type of management syst@nganic pig
production systems having outdoor farrowing pastwan provide suitable environment for
the transmission oA. suum (Borgsteede and Jongbloed, 2001; Mejer and Rodfys2006).

In an outdoor environment of organic farms, theseggn escape from dehydration and
exposure to direct sunlight by getting protectioont the vegetation and from being buried
in the soil (Kraglund, 1999; Kraglund et al., 20Q@&rsen and Roepstorff, 1999; Rose and
Small, 1981) which favors the long-term survivaltiod eggs. Katakam (2014) found that the
transmission ofA. suum can take place in indoor fattening pens on orgéanims as well.
Roepstorff and Nilsson (1991) found that the useslafted or concreted floors without
bedding materials in indoor pens on intensive padpction systems reduces the risk of the
transmission ofA. suum. Similarly, the use of anthelmintic, disinfectai$o minimizes the

transmission in intensive pig production (Roep$tand Nilsson, 1991).

2.4.3 Age-wise prevalence of A. suum

Based on faecal examination of intensive swine $)eRbepstorff et al. (1998) had found
higher prevalence oA. suum in gilts (25%) and large fatteners (21%) followeg dmall
fatteners (14%) and dry sows (13%). More recerilgugegaard (2010) reported 23%
prevalence in gilts and 21% in sows from 79 modedoor farms which was also based on
faecal examination. Carstensen et al. (2002) redqtevalence of 28% in the weaners, 33%
in fatteners, 4% in dry sows and 10% in lactatioggs on Danish organic herds. These data
show thatA. suum provides limited age resistance as old fattenedssaws above two years
of age can be susceptible to infection in comme®RF herds if they were not previously

exposed (Eriksen et al., 1992a).



2.4.4 Host behaviour on transmission of A. suum

Rooting is a common behavioural characteristic show pigs (Thomsen et al., 2001). Pigs
are not selective grazers and do not avoid foutgidge and faecal material and can thus be
continuously exposed to the parasite eggs. On ayeao study Thomsen et al. (2001) found
a little relationship between host population dgnandA. suum transmission between pig
herds having high stocking density and another \ath stocking density. Therefore, the
authors assumed that the difference in transmissmuld be due to the difference in

behaviour of the animals.

2.4.5 Genetics of the host

On a repeated experimental exposurd.teuumin 195 pigs, Nejsum et al. (2009a) found a
strong relation betweef. suum infection and host genetics. Similarly, on a stadgducted

in Jirel community in Nepal, Williams-Blangero et. §2012) observed variation in
susceptibility to soil transmitted helmintransmission due to variation in host genetics
within-population. Therefore, host genetics canlugrfice the transmission @& suum

infection within the host population.

2.5 Overdispersion within the host population

Within the pig populationA. suum is highly aggregated which means only a few pigs
harbour most of the worms while most of the pigdobar only a few or no worms (Boes et
al., 1998; Eriksen et al., 1992b; Nejsum et alQ21) Roepstorff and Murrell, 1997). On a
continuous exposure (for 10-11 weeks), Boes €18P8) found that 10% of the animals had
80% A. suum and on an experimental study, Nejsum et al. (206@md 20% of pigs had
80% of the worms. In contrast, a less aggregatsttilolition was observed by Mejer and
Roepstorff (2006) when the pigs were exposed nifusa contaminated paddocks. Though
the mechanism behind the aggregated pattern afldison is very complex, the study of
Boes et al. (1998) revealed that the host intrifesators and environmental factors play an

important role in distribution of parasites betwdiea hosts.



2.6 Impact of A. suum infections

The impact ofA. suum depends on multiple factors such as level of exmEgsstage of
infection, builds up or maintenance of immunity,tritional and physiological status
(reviewed by Thamsborg et al., 2013).

Despite its chronic establishment in the host, ndigp associated withA. suum is
subclinical. The clinical manifestations occur dae¢he migrating larvae and the presence of
adult worms in the small intestine (reviewed by mlaorg et al., 2013). During lung
penetration by the migrating larvae, the animafesaffrom respiratory distress which is
reflected in higher breathing rate, dyspnoea ardcdughing (reviewed by Thamsborg et
al., 2013). Similarly, pigs that are heavily infedtwith the adult worms can have reduced
feed utilization and weight gain (Forsum et al.81 Ascaris suum is also responsible for
production losses due to condemnation of liver amdluced weight gain (reviewed by
Thamsborg et al., 2013). Economic losses as a gaesee of reduced feed conversion and
weight gains and the condemnation of affected @gamtheA. suum infected pigs have been
well established all over the world (Permin et 4899; Roepstorff et al., 1998; Weng et al.,
2005). In addition, it has been shown from sevstatlies that the concurreAt suum
infection in pigs have shown negative effect agaMgcoplasma hyopneumoniae vaccine
(Steenhard et al., 2009).

2.7 Immunity to A. suum

The acquired immunity is believed to downreguldite prevalence oA. suum infection by
the development of immune mediated pre-hepaticidsawhich may partially or almost
completely inhibit the migration of the newly hagéchlarvae (Eriksen et al., 1992a; Eriksen
et al., 1992b; Lunney et al., 1986; Urban et &38).

Several studies have shown that the number of vghités in liver significantly reduces with
time by the development of the immunity (Mejer awepstorff, 2006; Urban et al., 1988).
In a trickle infection, Eriksen et al. (1992b) faua maximum number of liver spots in week
6 which gradually decreased over time despite tedemnfection. Similar findings were
observed by Mejer and Roepstorff (2006) where talver of liver spots was maximum in
week 7 post-partum (pp) which was significantlyuegeld when the pigs were slaughtered at
week 19 pp.



In a single infection Roepstorff et al. (1997) fdutinat majority of the larvae which had

completed the migration are expelled from the tmesbetween day 17 and 21 by self-cure
mechanism regardless of the inoculation dose. Alairfinding was reported by Miquel et

al. (2005). Recently, Masure et al. (2013) explditigat the expulsion of worms from the

intestine is due to increased gut movement whichssociated with increased eosinophils
and intra-epithelial T cells in the jejunum.

2.8 Diagnosisof A. suum

The infection caused bg. suum can be diagnosed by faecal examination, post mortem
technique for counting adult worms, larvae and #lsipots in the liver and by serological

analysis.

Diagnosis ofA. suum infection by faecal examination is normally expegssis numbers of

eggs per gram pig faeces (epg) (Roepstorff and &ari®98). This method is a quantitative
method and is relatively cheap and an easy. Howelrere are chances of getting both
false-positive and false-negative results. Falsgtipe results may occur due to ingestion of
unembryonated eggs which pass unhatched in theda®oes et al. (1997) found 4-36%
false positive pigs depending on housing systenseHaegative result can occur before the

infection becomes patent (i.e. presence of verywgomorms) or in a single sex infections.

Using post mortem technique, large worms from timalkintestine are recovered directly
performing necropsy procedure and the small miggairvae can be isolated using various
techniques such as agar-gel technique (Slotved, €i987), digestion of lungs and liver and
macrobaermannization (Eriksen et al., 1992b). InrDark, Slotved et al. (1997) introduced
an agar-gel technique to extract larvae that hatarmed to the small intestine from
migration. Since the larvae reaching the liveraveut 229 um (Douvres et al., 1969), these
are difficult to extract from any of the above mened procedures so the easiest method for
diagnosing the recently migratig suum larvae is examining the liver for superficial white

spots.

Serological analyses for the detection Af suum infection can be performed by using
different serological tools such as enzyme linkadhunosorbent assay (ELISA) which can
detect the anth. suum IgG (Roepstorff, 1998)
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3 Materials and methods
3.1 Study design

The present study was carried out on two Danislaroegpig farms (farm A and farm B)

from late October 2013 to late February 2014. Ochetarm, one cohort of pigs was
followed over time and necropsied at three timengoivhen the pigs were weaners (7-9
weeks of age), growers (11-13 weeks of age) anshigns (23-25 weeks of age). Superficial
white spots on livers were enumerated. The larvae flungs were recovered through
digestion and sedimentation. The adult worms froengmall intestine were collected using
forceps and the very young worms were harvestedrbggar gel technique. Rectal faecal
samples of the slaughtered animals were colleatddeaamined by a McMaster Technique.
Furthermore, soil samples from the pasture andséimeples from the pen floor and walls

were collected and examined #rsuum eggs.

3.2 Selection of thefarms

The selection criteria of farms were as follow:

» History of helminth infection.

 Examination of faecal samples from the growers dhd finishers using a
concentration McMaster technique revealed a largeber of A. suum positive
animals on both farms.

« Willingness of the farmers to participate.

3.3 Farm and pen description

Farm A had 190 sows and produced 3000 pigs per Yearfarm had pigs of all age groups
in indoor pens and outdoor pastures. Pasture eatatheme of 9 months had been practiced
between the two areas. The pregnant and nursing we&ne kept on large farrowing pastures
having smaller paddocks for 1-5 sows separated sigge wire electrical fence. Newborn
piglets had free access to the entire farrowing ared they were kept on the pastures until
weaning. At this point, they were brought to theamer-grower (WG) pen at a minimum
seven weeks of age. The pigs were shifted to gréwisher (GF) pen at 11-13 weeks of age
at the time of the study. The layout of the WG/ @ is illustrated on Appendix 4a. The
WG pens had accommodated 40-62 weaners per pemednah area of 48mSimilarly, the
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area of the GF pen was also 48amd it had 7-24 growers per pen. The semi-opes pén

farm A had shallow litter areas (LiA), watering ase(WA), feeding areas (FA), running

areas (RA), slatted floors (SF) and latrine areas).(The bedding material was removed
from pens as per the need and sometimes after edftransfer of pigs to other pens. New
bedding material was added from the top when the wiere present. The LiA was covered
by the roof which had covered two third of the @@ was semi-open for all age group of
pigs. There was no clear separation between theom@nd outdoor areas. Separate
automatic feeding and watering areas in all pense wept in the either side of the pens.
Automatic sprinklers were provided in each penstogorovide a water shower to the pigs.
The slurry and solid manure of the pens were usei@rdlizer for agricultural purpose but

not on pig pastures.

Farm B was comparatively larger than farm A witlprgximately 400 sows producing 6000
pigs per year. The pregnant, nursing and dry soei® Wept on a large farrowing pasture
which was sub-divided into smaller paddocks foots separated by a single wire electrical
fence. A three year strip pasture grazing schensepnacticed on this farm. Newborn piglets
had free access to the entire farrowing area and wept there until weaning. The number
of pigs weaned (at minimum 7 weeks of age) at angrgtime was high compared to farm
A, and the pigs were kept into five WG pens (sepe+otype, 20-30 cm litter) and were
moved to five GF pens (closed type) when they widrel3 weeks of age. In total 40-62
weaners were present in each pen, which had ano&@@ nf. The layout of the WG and
GF pens are illustrated on Appendix 4b and 4c,aesely. The GF pens (40-80 cm litter)
had an area of 39 nand accommodated 35-40 growers per pen. Both Wi3Ghpens of
farm B were divided into litter area (LiA), wategitieeding area (WAFA), running area
(RA), slatted floor (SF) and latrine area (LA). Thé of the GF pens was connected to the
semi-closed outdoor runs by a small opening coveiidid rubber sheets (in GF pens only)
that reduce influx of cold air into the indoor dt# There were automatic sprinklers for pigs
in each outdoor run. Bedding material was removéerwit had reached the height of
approximately 80-100 cm in the GF pens. Clean digding materials were added in the
moist part of the LiA once or twice a week whemgat wet with the pig faeces and urine.
This resulted in the greater buildup of litter nielein the moist part compared to the resting

parts. The feeding and watering areas were outsithee outdoor run in close proximity and
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were automated as well. Like farm A, the slurry aotld manure from the pens were used

for agricultural purpose as organic fertilizers.

3.4 Selection of the pigs

A total of 45 pigs from the same cohort from eatthe farms were picked at three different
time points and at each time point there were s.pAt the first time point, the weaners
were to be transferred from farrowing paddocksh® indoor WG pens. Similarly at the
second time point, the growers were to be trarsfielrom the WG pen to the GF pen and
finally at the third, the finishers were to be bgbtfor necropsy. Therefore, the time points
were selected to find out how many worms they heguimed from previous pens and to
determine the number of infective eggs in the feit@ pens, which would subsequently
infect the new pigs.

3.5 Collection of soil sample

The entire paddock areas of both farms were waikedv” shape by two persons taking
two alternate routes and approximately 50 soil aopdes (depending upon the area of the
paddock) were collected (Roepstorff and Nansen8JL99 long curved scoop was used as a
tool for collecting soil samples from the top figentimeters. The manure and grasses on the
route were avoided while sampling. These sample® wellected in plastic bags, labeled

and stored in refrigerator at 5°C until further g@ssing.

3.5.1 Isolation and examination of eggs from soil samples

The soil samples were transferred into bucket anddgenized for 30-45 minutes until big
lumps were disintegrated. After mixing, 20 subsasphere taken from different areas of
the soil in the bucket. A 5 g subsample was trarsfieto a 50 ml tube. The eggs in 5 gm soil
was isolated and counted as described by RoepstodffNansen (1998). Another 5 g soil
subsample from the same bucket was collected aed dr oven at 105°C for 24 hours to
calculate the dry weight of the sample. The isolagéggs were counted and examined
microscopically (200x). The eggs with diffuse dar&ntents to compact one or more
multicellular content were categorized as develg@ggs. Eggs having slender larvae inside
were categorized into infective (fully embryonate@ihe eggs with irregular or vacuolated

contents were categorized as dead or non-viable.
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3.6 Pen sample collection

A total of five samples were collected from the LMA, FA, RA, SF and LA from farm A
at two different time points (Appendix 4a). Thestisample collection was performed in late
October 2013 when the weaners from the outdooupastere transferred to the WG pen.
The bedding material had been removed but the pgmbt been cleaned. During collection,
large faecal particles were easily removed from $lkeand the LA whereas the dried up
material stuck in the floor of other areas and watls had to be scrapped off. Since the
layouts of WG and GF pen were similar, samples ftbensame part of the aforementioned
areas were taken for the second period of colleciolate November 2013. At second
collection time, the old bedding material was revhoved; therefore, the dry samples were
collected by removing the old bedding material. Tiige faecal particles were removed
from the pen but the dry materials were still fowmdthe floor and walls.

Samples were collected from the LiA, RA, SFLA andAMA farm B. The first sample
collection was performed in late October 2013 an\WG pens when the pigs were brought
from the pasture to the GF pens. At that time pives of farm B were emptied. Collection of
the samples on the GF pens were done in early Demed®13 but at that time the pigs had
already been transferred into the finisher's pernhsoe were bedding materials present on
the LiA. The pigs had used the corners of thesasamto defaecation areas which were
wetter than the rest. Dry samples from those pesre wollected from the LiA so as to avoid

fresh faecal materials which might have been volaethe new pigs.

3.6.1 Collection procedure of pen sample

On both farms, the dry samples were scrapped fhrewall and floor using a scalpel blade
and collected in 50 ml tubes. Wet samples aroued_th were moister than the rest of the
areas so they were collected by hand using plgkikes. The samples were brought to the

laboratory and were kept at 5°C until further pssieg.

3.6.2 Isolation and examination of eggs from pens samples

The samples collected were transferred into a I&efei dish and mixed for five minutes.
The larger particles were cut to 2-5 cm piecesgusaissors. A total of two subsamples (5 g

each) were taken and eggs were then isolated wsifigtation and sieving technique
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(Katakam, 2014) as described for soil. The egg®w&amined microscopically (200x) and
categorized into developing, infective or non-veddead eggs as described above. The total
number of eggs in each sample was estimated foplsarhaving low number of eggs and
10-20% samples were examined to estimate thenataber of eggs for samples containing

large quantities of eggs.
Another 5 g subsample was taken to estimate thevdight of the sample.

3.7 Necropsy procedure

At the day of necropsy, the farmers selected mgslomly and the pigs were transported to
the University (weaners and growers) or the abatfmishers). The sex and the weight of
the animals were recorded. The weaners and theegsowere stunned using a captive bolt
pistol on their forehead and then exsanguinatethréehe organs were removed. From
finishers, as they were slaughtered in the abatiging electric stunners, only viscera were
brought to the University and the weight and sethege pigs were taken on farm.

3.7.1 Faecal sample

Rectal faecal samples from the weaners and theegsowere collected before slaughter. In
finishers, faecal samples were collected from #wtum after necropsy (i.e. after removing
the gastrointestinal tract from the carcass). &dldal samples were stored in the refrigerator
at 5°C until examination. A concentration McMastechnique with a lower detection limit
of 20 eggs per gram of faeces using flotation floidsaturated NaCl solution with 500 g
glucose/L (specific gravity 1.27 g/mL) was used éxamining the faeces (Roepstorff and
Nansen, 1998).

3.7.2 Parasiterecovery from the lungs

The lungs were weighed and finely chopped into 1(approx.) pieces. It was then minced
using a blender until 1-2 mm pieces were obtaiffedeach 100 gm of the blended tissue
digestion fluid (12 ml of 30% HCI; 30 ml pepsin a#d°C tap water to make a total volume
of 1000 ml) was added to a total volume of 1000ma beaker. The beakers were placed on
a magnetic stirrer and allowed to digest for 2dir87°C. Digested tissues were sieved using
a large mesh sieve and poured into 4-5 sedimentatbmes (Fig 4). Cold tap water was

added to each glass to reduce the temperaturetapdhe digestion process. The samples
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were then allowed to settle for 30 min. The supmmawas removed; sediments were
combined in 2-3 sedimentation cones, rinsing comiéls tap water and again allowed to
sediment. This process was repeated three to iimestuntil clear sediment was obtained.
Finally all the sediments were combined to 1 sediai&n cone. The sediments from the
last cone were transferred to a 50 ml tube andepred in 70% ethanol until examination.

Later, larvae were counted under a stereomicroscope

Fig 4. Digestedungs in sedimentation cones to recofsearis suum larvae

3.7.3 Parasite recovery from the small intestine

The small intestine was separated from its mesg(ieég 5) and the contents were squeezed
into a bucket. The intestine was then opened alsrigngth and the mucus was scrapped off
gently from the mucosal surface by placing betw®en pencils tied together with a rubber
band. The intestine was then rinsed in saline whiak combined with the intestinal content.
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Macroscopic worms were collected and washed witysipfogical saline and preserved in
70% ethanol. Later, sexing was done and worms werasured using a ruler. Parasites
having curved posterior end were male and the fempaftasite were long, thick and slender

compared to the male parasite.

Fig 5. Ascaris suum (inside the circlejn the small intestine of necropsied pig

All the intestinal contents (except for finisherhere 50% subsample were examined) were
collected in the bucket. The contents were homagehiising ladle and mixed with an equal
volume of 2% agar. The 2% agar was prepared bylgisg it in boiling tap water and
subsequently cooling to 52°C in a water bath. Qantkeat was mixed with agar gel was
embedded on cloths (Johnson and Johhsoedical cloth) (Fig 6) and was incubated for 3
hours in plastic jar containing saline at 37°C (F)g(Slotved et al., 1997). The larvae that
had migrated out of the gels and settled at theoboof the containers were recovered by
sieving the fluid through a 20 um sieve and presgim 70% ethanol. Later, all the larvae

were counted using a stereo microscope.
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Parasites recovered the small intestine were caregbaccording to the length, the very
youngA. suum (<1 cm), the young (male: >1 - <12 cm and female->I5 cm) and the
adult male¥12 cm) and female (femalel5 cm) parasites were categorized as described by
Roepstorff and Murrell (1997).

Fig 6. Ascaris suum embedded in agar gel

Fig 7. Agar gel embedded in clothes and hung in plastidaipners to recover young and
very youngAscaris suum from the small intestine
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3.7.4 Liver spots

Superficial white spots on the liver were enumetdig a single person to avoid between-
individual variation in counting the size and thmpeaarance. The spots were classified into
two groups: Grade A (clear white mesh-like diffasesingle pearl like round lymphonodular

fresh spots) and Grade B (partially healed gregisbts which were also either mesh-like

diffuse or as a well-defined single lesion.

3.8 Statistical analysis

Data analysis was performed using SASAS 9.3, SAS institute Inc, Cary, North
Carolina). The level of significance was setiat 0.05. The number of white spots in liver,
A. suumin the lungs and the small intestine, faecal eggqtand the number of eggs present
in soil and pens were count data which were assutmddllow a poisson distribution.
Therefore, the data were first modelled using a EREGENMOD procedure fitting the
poisson distribution. However, over-dispersion wagiced for each data. Therefore, one
was added to each value to minimize overdisperseen as a result of excessive zero
counts, and negative binomial distribution wasedttto overcome the problem of over-
dispersion. When overall differences were obsemvelividual comparison between the
variables (age group, farms and pens) were domg lsast square means. The correlation

between the adult femake suum and epg were calculated using PROC CORR procedure.
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4 Results

4.1 Climatic conditions

The overall mean temperature of summer (June, awodly August) 2013 in Denmark was

16.1°C (2.4°C to 33.3°C) which was 0.9°C highemnthki@ze normal (calculated on the period
1961 to 1990) temperature (15.2°C). The totalipietion was 136 mm (125 to 170 mm)

which was 28% below normal (188 mm). Similarly thire autumn (September, October and
November), the average temperature recorded wa€ $-8.8°C to 26°C) which was 1.1° C

above the normal temperature (8.8°C). The totatipitation was 263 mm (173 to 347 mm)

which was 15% above normal (228 mm). In the wifBecember, January and February) it
was 3.7°C (-10.5°C to 13.1°C) which was 3.2°C thha normal temperature (0.5°C)

(Danish Metereological Institute).

4.2 Pastureinfectivity

The soil from the farrowing pasture of farm A hal®2 moisture and it was covered by the
grass except around the huts and feeding areastMam around these areas (huts and
feeding areas) was scarce as mainly the sows lesud syst of their time over there whereas
piglets roamed around the entire farrowing pastbse@amination of soil samples from the
farrowing pasture revealed that the mean numberfettive, developing and dead suum

eggs per gram dry soil were <1 infective, 1 andregpectively.

The moisture content of soil from the farrowing fpas on farm B was 24%. Similar to farm
A, the soil was covered by grass except around hots feeding areas. The farrowing

pasture had <1 infective, 2 developing and <1 deeadum eggs per gram dry soil.

4.3 Pen infectivity

Ascaris suum egg contamination on the entire WG and the GF p®nboth farms is
presented on Table 1. The large majority of eggeeves the early stage of development
while only a few eggs were dead and very few wefective (Table 1; Fig 8). On overall,
total number of eggs was higher in the WG pens thanGF pensyf = 5.64, df = 1, p <
0.0175).
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On farm B, all areas of five WG pens were contateidavith A. suum eggs. Similar to farm
A, most of the eggs were developing (early stagable 1; Fig 8). In contrast to farm A, the
number of eggs found in the WG pen was not siganifily higher than the eggs found in the
GF pen¢*=0.04, df = 1, p < 0.8471).

Table 1. Moisture content (%) of samples taken from différareas of the weaner-grower
(WG) and the grower-finisher (GF) pens of farm Addarm B and the percentage of

developing, dead and infecti¥scaris suum eggs on these areas

Number Developing Dead Infective
Number of Moisture
Farm  Pen of pens samples Area % eggs eggs  eggs
% % %
per area

1 5 LiA 34 68.2 31.4 0.30
1 5 RA 58 86.1 13.8 0.05
WG 1 5 SF 78 94.3 5.6 0.03
1 5 LA 80 90.2 9.7 0.01
1 5 WA 78 87.9 11.9 0.10
1 5 FA 29 81.6 18.3 0.08

A
1 5 LiA 42 69.8 29.8 0.29
1 5 RA 46 92.6 7.3 0.06
GE 1 5 SF 69 90.5 9.3 0.11
1 5 LA 81 90.0 9.7 0.21
1 5 WA 64 89.7 10.1 0.11
1 5 FA 24 77.3 22.6 0
5 3 LiA 67 85.8 14.1 0.07
WE 5 3 RA 75 89.7 10.2 0.01
5 3 SFLA 82 93.0 6.8 0.02
5 4 WAFA 42 80.1 17.9 0.08

B
5 3 LiA 65 87.5 12.2 0.15
GE 5 3 RA 69 84.5 154 0.05
5 3 SFLA 77 89.8 10.1 0.01
5 4 WAFA 62 85.1 14.7 0.05

LiA= litter area; RA=running area; SF=slatted flp&A=latrine area; WA=watering area;

FA=feeding area; SFLA: slatted floor/latrine ard&AFA=watering/feeding area
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Fig 8. Mean number ofAscaris suum eggs per gram dry material from litter area (LiA),
running area (RA), slatted floor (SF), latrine afea), watering area (WA), feeding area
(FA), slatted floor/latrine area (SFLA), wateringgtling area (WAFA) from the weaner-
grower (WG) pens and the grower-finisher (GF) pemgarm A and B. Infective eggs were

present in all areas in the pens but they were feary(<1 to 2) to be visible on the graph.
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4.4 Body weight of pigs

The mean body weight of the weaners (n=15) froornfar was 17.6 kg and from farm B
(n=15) was 11.0 kg. Growers from farm A (n=15) & B (n=15) weighed 27.0 kg and
31.2 kg, respectively. The mean body weight ofstigrs from farm A (n=15) was 97.0 kg
and farm B (n=15) was 105.6 kg.

4.5 Liver white spots

Out of 45 pigs from farm A, 84% had Grade A and 71880 Grade B spots on their livers
(Fig 9), respectively. There was a significant eliénce on total number of white spots
between the three age group$ £ 45.99, df = 2, p < 0.0001) (Fig 10). The wearteas
significantly higher number of liver spots than trewers (p < 0.0020) and the finishers (p
< 0.0001). Finishers of farm A had significantlgdenumber of white spots than the growers
(p < 0.0001).

Out of 45 pigs, 82% had Grade A spots and 78% hatl€&sB. There was a significant
difference on the total number of white spots betwiree age groupg(= 35.05, df =2, p

< 0.0001) (Fig 10). The total number of liver spatas higher in the weaners than the
growers (p < 0.0001) and finishers (p < 0.0001} Tihishers of farm B had high number of
white spots on the liver than the growers (p = 23)0

WS
S SN

Fig 9. Livers of the weaner (A) with white spots and timsher (B) without white spots
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Fig 10. Number of Grade AX) and Grade Bx) superficial liver white spots in the weaner,

the grower and the finisher pigs

from farm A and farm B.

* Horizontal bars indicate mean values

4.6 Ascaris suum burden in the lungs

From farm A, on overall comparison, there was aifiitant difference ¢ = 31.24, df = 2, p

< 0.0001) in the number &. suum larvae found in the lungs between the three agepgr

of pigs, the trend being decreasing with age (Y Similarly, the prevalence seemed to
decreasing over time with the highest prevalendberweaners followed by the growers and
zero prevalence in the finishers (Table 2). Theas & significant difference on the number
of larvae present in the weaners and the finisigrs 0.0001) and the growers and the
finishers (p < 0.0001) but no significant differenwas seen in the weaners and the growers
(p = 0.3250).

On farm B, there was a significant differenge% 7.96, df = 2, p = 0.0187) in the number of

A. suum larvaefound in the lungs among three groups of pigs. NemabA. suum larvae in
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the lungs thus appeared highest in the weanemwed by the growers, whereas no lung
larvae were seen in the finishers (Fig 12). AltHguilpe trend was decreasing over time, a
significant difference in the number of lung larwaas observed only in the finishers and the
growers (p = 0.0048) and no significant differemcas seen between the weaners and the

growers (p > 0.05) and the weaners and the finssfger 0.05).

4.7 Ascaris suum burden in the small intestine

Of 45 pigs, 91% from farm A harboured worms in sineall intestine (Table 2). There was a
significant difference among three age groups ertimber of very young wormsi cm)
present in the small intesting’ & 34.29, df = 2, p < 0.0001). The weaners hadifsigmtly
more number of very young worms than the finisi{ers 0.0001) but no such significant
difference was observed between the weaners amgtdlesrs (p = 0.3250). Similarly, there
was a significant difference in the number of yowmgrms present in the small intestine
among pigs of three age group$ £ 13.56, df = 2, p = 0.0001). The young worm couas
significantly higher in the weaners than the gravgy = 0.0003) and the finishers (p =
0.0373). Significant difference was observed m ddult worm (Fig 11) count between the
three age groups as wejf’ (= 19.59, df = 2, p < 0.0001). The finishers hagh#icantly
more number of adult worms than the growers (pGO@1) but marginal significance was

observed between the finishers and the weaner©(p648).

From farm B, 71% pigs had worms in the small intestThere was a significant difference
in the number of the very young worms present betvtbe three age groupg € 34.29, df

= 2, p < .0001). The very young worm count was egihn the weaners and gradually
decreased in the growers and the finishers (Fig H2yever, significant difference was
observed only between the finishers and the weafpers 0.026) but not between the
weaners and the growers (p = 0.2498). Like farmtie young worm counts were
significantly different between the three age grdup = 20.14, df = 2, p < .0001).
Significantly higher young worm count was obseriuedhe weaners than the growers (p <
0.0001) and the finishers (p = 0.0002). Similathere was a significant difference in the
adult worm count between three age grogfp=(19.94, df = 2, p < 0.0001). Adult worms
were significantly higher in the finishers thartle weaners (p = 0.0044) and the growers (p
< 0.0001).
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Fig 11. Adult Ascaris suum in 70% ethanoftecovered from the small intestine of the finishefs

farm A

From the data of farm A of all age group, it hasrbshown that the number of larvae in the
lungs was negatively associated with the numbadaft worm present in the small intestine
(¢’ = 5.54, df = 1, P = 0.0186). The number of thengpworms had no association with the
number of adult worms in the small intestige£ 1.54, df = 1, p = 0.2145).

Similarly from farm B, it has been shown that thesas no association between the number
of larvae in the lungs and the number of adult wopresent in the small intesting &
1.63, df = 1, P = 0.2019). Likewise, the numbeyadng worms had no association with the
number adult worms in the small intestigé £ 0.09, df = 1, p = 0.7705).

There was no significant difference on over all medvurden ;(2 =1.32,df =1, P = 0.25),
liver white spots % = 0.07, df = 1, P = 0.7929) and epg € 0.40, df = 1, P = 0.5283)
between the two farms and the course of infectias similar except that the weaners from
farm A had harboured adult worms but no adult wowese found on the weaners of farm
B. Of 45 pigs from farm A, 49% had harbour@asophagostommum spp. in the large

intestine whereas all the pigs from farm B had be&wsted withOesophagostommum spp.
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In total 9% pigs from farm A and 24% from farm Bdhiaarbouredrichuris suisin the large

Intestine.
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Fig 12. Mean number (+S.E.M) ékcaris suum in the lungs (L3), the very youngX cm) worms
(SVY), the young (male: >1- <12 cm and female: >115 cm) worms (SIY) and the adult (male:
>12 cm and femalez15 cm) worms (SIA) in the small intestine and epggsgram faeces (epg) in

the slaughtered weaners (n=15), growers (n=15¥iarsthers (n=15) from farm A and farm B.
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4.8 Ascaris suum length

The weaners on farm A had worm of all sizes, th&imam of which was 22.5 cm (Fig 13).
The growers had two worm populations having lengti2 cm and 15-25 cm. Likewise, in
the finishers, the length varied froml to 30 cm but no worms between 2 and 5 cm were

found.

On farm B, the length of worms in the weaners did exceed 9 cm and most of them
measuredl cm (Fig 13). Like farm A, two worm populations iedound in the growers of
farm B having length 1-4 cm and 15-20 cm. Similarly the finishers, three worm
populations were found where one population wisl cm, other was 12-30 cm and only

two worms of length 5 and 9 cm were found.

Farm A Farm B

1S S

L 35 o 35
vyyvv'

£ 30 YYTIRTYYY £ 30 v

S ML N4224A4 S vy

5 'vvvvv; 5 ML CAMAS
n 25 Yyv :"'; n 25 TYYYYIy :;'(V”

. YvyyvY M M A4 Ao . 2442 v ¥ v

AAAM vy vy vv v (423444

< 20 A v ¥ v < 20 M MAREEAM
— vy "vvv" v V' v Y— vyY ¥¥¥¥";;¥;
© 15 R v MM © 15 MR
- Ty vy M4 "iv - N ¥";v
- AA4 244 44 vY Yvyv
o 10 v v'vv A a 10 v v

c YYYY v yv c

()] v';Vv vy [} v
- 5 vy 1 5

v v v
Weaner Grower Finisher Weaner Grower Finisher
Age group Age group

o
o

Fig 13. Length of individualAscaris suum recovered from the weaners (n=15), growers (n=hf) a
finishers (n=15).
* Worms of length<1l cm was not measured so it was set to 1.0 cm.
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4.9 Faecal egg counts

There was a significant differencg’ ¢ 11.56, df = 2, p = 0.0031) in the epg between th
three age groups from farm A (Fig 14). On pairwgsenparison, no significant difference
was seen between the finishers and the weanersO(@544). The faecal egg counts were
higher in the finishers, followed by the weanerd #re growers, reflecting the overall worm

burdens.

For farm B, there was also a significant differeiée= 11.56, df = 2, p = 0.0031) in faecal
egg counts between the weaners, the growers anfiniekers (Fig 14). The faecal egg
counts were also higher in the finishers followgdthe growers while no eggs (or adult

worms) were found in the weaners.

A positive correlation was observed between epgthachumber of adul\. suum females
(r*= 0.54,p < 0.0001) that were recovered from the necropsigsl from both the farms (Fig
15). A false positive egg count was observed in 13% grevand 13% finishers of farm A

and 33% finishers of farm B.
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Fig 14. Eggs per gram faeces Ascaris suum in slaughtered weaner¥( n=15), growers

(®; n=15) and finishers;, n=15) on two farms (A and B)
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Fig 15. Correlation between the numberAscaris suum eggs per gram faeces (epg) and the
number of adulAscaris suum females (pooled data from farm A and farm B)
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5 Discussion

A number of experimental studies have studied tmufation biology and the transmission
dynamics ofA. suum without fully representing the natural scenariofarm. To my best
knowledge, this may be the first observational gttltht was conducted to describe the
infection dynamics ofA. suum on organic pig farms over time through necropsikas
confirming the experimental data of other studigse results indicated that organic pigs are
continuously exposed to the infective egg&ofuum until they are slaughtered. Piglets take
up A. suum infection at an early age from contaminated famgwpaddocks and continue to
be exposed in the indoor pens. Young pigs seemeuktonore susceptible to the pre-
intestinal stages as they harboured higher nundfersgrating larvae (liver white spots and
the lung larvae) than the older. Over time, mostha& pigs expelled the worm and got
reinfected with infective eggs present in the emwvmnent. After reinfection, some worms
might have been established in the small intestim® become adult while the other newly
hatched larvae might have been prevented from tgeation due to the development of host
acquired immunity. Thus, the established adult wpopulation had started to produce eggs
and contaminated the environment. Furthermorerdblts of the present study also showed
that the infective eggs could be found in all arefathe pens, subsequently becoming source

of infection to the following batch of pigs if nptoperly cleaned.

5.1 Contamination in farrowing paddocks

On Danish organic farms, farrowing sows and pigéets kept on pastures throughout the
year and the minimum age of the piglets at wearsriggweeks. The weaners are then either
moved to weaning pasture or to indoor pens (Anorysn@010). During the study period,
the weaners from both farms were moved to the ingeas. The results of the soil samples
revealed that the farrowing paddocks of the farmesewcontaminated with the infective
suum eggs suggesting young pigs could have acquiredtiofefrom the farrowing pasture
at an early age. The preceding summer was hot gndherefore, it was assumed that the
egg mortality might have been higher than usuatiiguthe summerA. suum eggs either
developed faster (Roepstorff and Murrell, 1997 ntlther seasons or the eggs might have
died due to higher temperature (compared to spangymn and winter) and dehydration
(Larsen and Roepstorff, 1999), ensuring low numbémggs in the autumn compared to if
the summer had been wetter. Under Danish condjtiomsen and Roepstorff (1999) have
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underlined that the eggs deposited in the autunmtewand spring develop in the following
summer only. The infectivé. suum eggs found in the current study could have been
excreted by the pigs in the late summer 2013 amdesmight have developed faster and
became infective in the late autumn due to warmtiezaHowever, some eggs could have
been excreted during the previous year too. Ttex kggs (eggs excreted in 2012) might
have been protected being buried in soil or covdrgdvegetation as sun-exposed soil
compared to unexposed have higher mortality (Bead@52). AsA. suum eggs lose water
very slowly unless the temperature increases (Whaft979), it could be speculated that the

eggs from 2012 were protected from long term deduyain.

Furthermore, on the farms, rotational and stripzigiga was practiced. The presencelof
suum eggs in the pasture indicated that pasture rotation shorter period (upto 3 years)

might have little effect on the transmissionfofsuum.
5.2 Contamination in the WG and the GF penswith A. suum eggs

The majority of the eggs were found in the LA felled by the SF which were adjacent to
the LA and the least number of eggs were presetiteénFA on farm A. Similar findings
were observed in all the WG and the GF pens of farmHigh number of eggs was found in
the LA and the SF which could reflect the defaerapattern of the pigs as well. The eggs
present in all areas of the pens suggest that poggd have disseminated the faeces
containing eggs from the LA or the SF (where theymually defecated) to other areas.
However, eggs were found in the area where pige wet able to reach (in the roof above
the LIA on farm A, data not shown). Therefore, dimgnation of the eggs could have

occurred through contaminated equipment or fronptdrseon handling the farm too.

The infective eggs were present in all areas of Wi and the GF pens of both farms
although the number was much lower compared toldpwvey and dead eggs. Therefore, it
could be speculated that there is a risk of cootisypossible transmission Af suum to the

following batch (upcoming pigs) in the indoor pehhe pens are not properly cleaned after

removal of the pigs.
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5.3 Ascaris suum in weaners, growers and finishers

Following a single inoculation, Roepstorff et &997) found that the larvae had reached
lungs at day 3 post inoculations (p.i.), the m#éyoof white spots in livers were seen at day
10 p.i., and that the migrating larvae had retunteethe small intestine at day 10 p.i. These
newly migrated larvae in the small intestine at dayp.i. measured 0.18-0.20 cm in length
(Douvres et al., 1969). Assuming the early modenateral infection to be similar to that of
single inoculation, in the current study, 60% df theaners from farm A and 33% from farm
B had worms of more than 1 cm length which suggtsis the pigs might have become
infected at least 10 days before necropsy. A Dasigty indicated that the pigs born and
raised on contaminated paddocks had become infegiptbximately at 12 weeks of age
(Mejer and Roepstorff, 2006). The scenario couldslmilar for this study too, as 33%
weaners from farm A had harboured adult worms awdeted eggs in the faeces at weaning
(7-9 weeks old). This means that these piglets triighie become infected 6-7 weeks before
the necropsy or within the first weeks of life besa normally adult femal&. suum begins

to excrete eggs within six to eight weeks p.i. (Bsterff et al., 1997). In other words, piglets
could have ingested infective eggs in the first kvetlife when they were confined to the

contaminated farrowing huts or shortly after geftatcess to the pasture as such.

Kelley and Nayak (1965) underlined that piglets gahpartial protection until the age of 3-
5 weeks by maternal antibodies which they receiaeculostrum. However, negative effect
or no effect had also been found in piglets that teeived colostrum from experimentally
long-term exposed sows (Boes et al., 1998). Inisterd to findings of Boes et al. (1998),
on an experimental study where two groups of soerevexposed with moderate to high
suum infection and the other group without exposure, evgunpublished) observed no
effect of A. suum infection in piglets born from these sows irrespecof the sows immune
status. Although sows were not included in the gmestudy, it is likely that they had also
been exposed tA. suum and transferred antibodies to the new-born pigleiscolostrum.
The presence of worms in the weaners suggestaratarnal antibodies could have little

effect onA. suum transmission.

The worm burden in the lungs and the small intestamd the number of white spots on the
liver of growers from both farms were lower than tfiee weaners. Masure et al. (2013) have

described that a self-cure mechanism by primargciidn in the host elicits increased gut
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motility that causes the expulsion of the newly raigd larvae/very young worms from the
intestine by weep (increased luminal secretion) ameep (increased gut movement)
mechanism (Anthony et al.,, 2007). However, the tadwdrm populations are able to
counteract this mechanism (Masure et al., 2013hdps, the weaners of both farms must
have expelled some larvae/very young worms in énewing paddock by weep and sweep
mechanism but the very young, young and adult wahaswere in the weaners should have
reflected in the growers, too. The substantial eise in the worm burden in the growers
suggests that other complex factors might haveeplagle in the expulsion process. One
possible explanation could be that post weaninglibaa which occurs commonly in the
weaners when they are moved from farrowing paddocthe WG pens (Helena Mejer,
personal communicationThe onset of diarrhoea might have benefited the dige to the
expulsion of the worms from the small intestine dmme unknown mechanism. The very
young worms that were harvested from growers df leMms could have been acquired after
the pigs recovered from the post weaning diarrhédeatudy by Boes et al. (1998) has
suggested that pigs might be reinfected after xipailsion of adult worms from the intestine.
Furthermore, after anthelmintic treatment, it hagerbfound that pigs get reinfected Ao
suum if the environmental contamination is present (Baitt et al., 1980; Roepstorff, 1997).
Although, anthelmintic treatment is kept at a miaimon these farms, the growers might
have expelled the worms either by a non-immune ateditransitory self-cure mechanism
or might have been eliminated as a consequencesifweaning diarrhoea. The growers
must have been reinfected by newly migrated lawiaieh were reflected by the presence of

adult worm population in the finishers.

In contrast to farm A, a few growers from farm BdHang larvae (farm A: 73%, farm B:
13%), very young (farm A: 87%, farm B: 47%) and gguvorms (farm A: 87%, farm B:
47%) in the small intestine. In addition, the numbkwhite spots on the liver of growers
was less compared to the weaners of farm B. Itdcbel speculated that the growers from
farm B could have started to become immune as twere infective eggs present in the

environment.

In the finishers, the adult worm population wasdprinant on both farms. On long term
exposure to infective eggs, pigs might develop alntmmplete acquired immunity by 19

weeks (Urban et al., 1988) which is reflected by gradual development of an immune
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mediated pre-hepatic barrier, which might almostpletely inhibits newly hatched larvae
from migrating while not affecting the establishadult worms (Eriksen et al., 1992a;
Masure et al., 2013; Urban et al., 1988). The spheomenon could have occurred in the
current study where the acquired immunity mightenacted on newly migrated larvae
reducing its migration to the lungs and the intestvhile not affecting adult worms that had
successfully established. This adult populatiomtbeuld have posed a threat of continued
contamination of the GF pens. Thus, potentiallyueing infective eggs, that could infect

later batches of pigs, if the pens are not propedgned.

Furthermore, two populations of the adult and teeywoung worms<(1 cm) were present
in the finishers of farm B. Consistent with thereut findings, other studies had also found
two worm populations in pigs that were exposed icoously on pasture and on repeated
experimental exposure (Mejer and Roepstorff, 2006éjsum et al., 2009b). The authors
from those studies have argued that the pre-hepatider did not completely prevent
reinfection but after completing migration the ngwécruited larvae got expelled from the
intestine after sometime. A similar phenomenon @dwdve occurred in the current study as
well since there was no young worm population in afithe pigs. Therefore, the very young
worms could have been the newly migrated worms wWere not expelled. Moreover, it
could be possible that the adult population preserthe small intestine of the finishers
might have played role in the expulsion of the #&rvthat had completed migration by

concomitant immunity as suggested by Roepstorfd320

Apart fromA. suum, Oesophagostommum spp. was recovered from the large intestine of all
the slaughtered pigs of farm B and 49% from farnTAe anterior part of the large intestine
is the predilection site dDesophagostommum spp. (Christensen et al., 1995) and also the
site of penetration of newly hatch@dsuum larvae (Murrell et al., 1997). Though these two
parasite species shared the same site, a weakoar##g interaction between these two

worms had been observed by Helwigh et al. (199%re®. dentatum was shorter and had

lower faecal egg counts &. suumwas present but no effect was seerhosuum. Therefore,

in the current study, the presenceQmsophagostommum spp. could have had less effect on

A. suum population.
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On a study by Roeptorff et al. (1997), a significgositive correlation was observed
between the number of adult worms and epg. In sterdi to his finding, a positive
correlation between adult femafe suum and epg was observed on the current study. This
suggests that the detection of eggs in the faeflext the presence of the adult worms in the
small intestine. However, there might be some |bdggi of getting false positive (due to
coprophagic behaviour) or false negative resultgis@x or immature infection).
Furthermore, in the current study, false positiesuit was found in a few growers and
finishers and but not in the weaners which couldlbe to the availability of large surface

area per pig on an outdoor pasture compared tmdo®r pens.
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6 Conclusion

From the results of the present study it can beloded that the transmission Af suum in
organic pigs occurs at a very early age on theWang pasture contaminated with infective
A. suum eggs. All the pigs thus acquire infection by timeet they are weaned. The infective
eggs can be found in the indoor pens due to inéefjaleaning of pens and use of straw
bedding. Therefore, the transmission could occuheindoor pens as well. In the indoor
pens after weaning, most of the pigs expel wornasgat reinfected with infective eggs from
the environment. The overall intensities and prewved decreases as the pigs grow older
presumably to some level of immunity. It has beehstantiated that there is a complex
interaction between the host, parasite and enviemimn A. suum infection where
establishment of parasites in the host depends U@ of exposure to infective eggs,

interaction of parasite within the host and mdstlif the immune response of the host.

7 Per spectives

The present study has broadened the knowledgeeodytiamics of infection oA. suumon
farm which may be used for further studies to aunthe parasite by using alternative

approaches. In addition, many ideas and possdslliave arisen for future studies.

The present study on two farms was performed frat@ dutumn 2013 to February 2014.
However, the availability of infective eggs in teavironment might vary according to the
season, year, etc due to variation in microclimeieditions of the environment. Eventually,
there might be difference in the dynamicsfosuum infection according to year, season and
batch of the pigs. Similarly, the dynamics miglsoavary according to the farm management
system as infection pattern might be different amis having facilities of weaning pasture
and on farms that directly move the weaners inwitidoor pens. Further research An
suum could be done on transmission pattern on farms phatide weaning pasture and
farms that only house the weaners in indoor pens.

The current study relied on the findings on wormdemn, faecal egg count and number of
white spots present on the liver. Testing the gigagor antibodies specific agairstsuum
excretory or secretary antigens (Roepstetrd., 1997, Erikseret al., 1992a) along with the

procedures that were followed in the current stadyld be done to find out whether the
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worm free pigs had been previously exposed tAttseaum. This may also give an overview
of the susceptibility/resistance agaiAssuum.

The viability of the eggs was confirmed using mailplgical examination by visual

inspection of eggs under microscope. Although, erarg eggs by visual inspection is easy
to perform and faster than other methods such @asbation of eggs for six weeks to test
ability to embryonate, it was difficult to distinighh between the live and dead eggs if the
eggs had not undergone vacuolization, cytolysiany shrinkage. Therefore, it is necessary

to develop new methods to distinguish between giabld non-viable eggs.

On farm level, it is difficult to controh. suum transmission in outdoor pasture but if control
measures are applied in the indoor pens, thenréimsrhission could be minimized. For an
example, if anthelmintic treatment (after diagng$iis combined with proper cleaning and
drying of pens when the pigs are moved from farngypasture to the indoor pens, then it
could reduce transmission. For cleaning, naturatipcts such as slaked lime which has

shown negative effect on the survivalfofsuum eggs (Ibsen, 1999) could be used.
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Appendices
Appendix 1

Table la. Raw data on number dfscaris suum in the lungs (L3), the very youngl cm) worms
(SVY), the young (male: >1- <12 cm and female: >315 cm) worms (SIY) and the adult (male:
>12 cm and femalez15 cm) worms (SIA) in the small intestine, whit@tgpon liver (Grade A: clear
white lymphonodular or diffuse and Grade B: greyadtite lymphonodular or diffuse) and eggs per
gram (epg) faeces of the necropsieghners of farm (A & B)

Lungs Small intestine Liver Mc Master
Farm | Pig Grade | Grade
L3 <lcm | >lcm | Female | Male A B epg
1 2 6 10 13 8 24 3 5320
2 4 12 1 0 0 14 6 0
3 0 25 2 12 12 9 21 6000
4 5 40 2 0 0 11 16 0
5 9 32 1 9 3 42 21 620
6 8 7 6 6 7 10 10 1180
7 0 10 0 0 0 25 25 0
A 8 17 13 0 0 0 43 15 0
9 4 20 0 0 0 81 33 NA
10 7 6 2 0 0 17 6 0
11 2 18 7 0 0 27 31 0
12 5 6 5 9 2 22 3 460
13 23 14 0 0 0 72 0 0
14 5 0 0 0 0 9 11 0
15 6 17 0 0 0 22 12 0
1 30 1 1 0 0 24 20 0
2 5 53 0 0 0 9 2 0
3 6 8 0 0 0 21 7 0
4 7 20 0 0 0 87 17 0
5 38 59 0 0 0 5 0 0
6 23 14 13 0 0 13 1 0
7 23 16 0 0 0 40 38 0
B 8 5 0 0 0 0 16 20 0
9 35 36 0 0 0 62 23 0
10 38 25 0 0 0 2 0 0
11 4 33 0 0 0 10 29 0
12 106 28 0 0 0 63 82 0
13 7 13 4 0 0 41 45 NA
14 43 94 3 0 0 55 38 0
15 10 130 60 0 0 29 14 0
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Table 1b. Raw data on number d@fscaris suumin the lungs (L3), the very youngX cm) worms

(SVY), the young (male: >1- <12 cm and female: >315 cm) worms (SIY) and the adult (male:

>12 cm and femalez15 cm) worms (SIA) in the small intestine, whit@tgpon liver (Grade A: clear

white lymphonodular or diffuse and Grade B: greyadtite lymphonodular or diffuse) and eggs per

gram (epg¥aeces of the necropsigdowers of farm (A & B)

Lungs Small intestine Liver Mc Master
. Grade | Grade
Farm ) Pig L3 <1lcm | >1cm | Female | Male A epg
16 5 22 0 0 0 18 2 0
17 3 5 0 0 0 14 3 0
18 0 18 0 0 0 0 2 0
19 3 3 0 0 0 7 2 0
20 11 8 0 1 0 11 0 0
21 3 6 0 2 0 15 8 0
22 12 31 0 0 0 27 24 0
A 23 0 0 0 0 0 5 2 0
24 0 1 0 0 0 16 7 0
25 3 0 0 0 0 17 7 0
26 0 1 2 0 0 13 6 0
27 14 14 0 3 4 17 8 1360
28 4 25 0 0 0 18 16 20
29 4 16 0 0 0 26 20 0
30 10 22 0 0 0 4 5 20
16 0 0 0 0 0 1 3 0
17 0 0 0 0 0 1 0 0
18 28 256 0 0 0 11 25 0
19 0 0 0 0 0 0 0 0
20 0 1 0 1 0 3 0 0
21 3 0 1 0 0 1 0 0
22 0 0 0 0 0 0 2 NA
B 23 0 1 0 0 0 1 0 0
24 0 5 0 0 0 2 2 NA
25 0 0 0 0 0 0 1 0
26 0 13 4 0 0 0 0 0
27 0 0 0 0 0 3 1 NA
28 0 0 2 0 0 2 4 NA
29 0 4 1 24 5 0 1 14820
30 0 2 0 0 0 0 2 0

48




Table 1c. Raw data on number @fscaris suum in the lungs (L3), the very youngl cm) worms
(SVY), the young (male: >1- <12 cm and female: >315 cm) worms (SIY) and the adult (male:
>12 cm and femalez15 cm) worms (SIA) in the small intestine, whit@tgpon liver (Grade A: clear
white lymphonodular or diffuse and Grade B: greyadtite lymphonodular or diffuse) and eggs per
gram (epg¥aeces of the necropsiéidishers of farm (A & B)

Lungs Small Intestine Liver Mc Master
, Grade | Grade
Farm | pig L3 <1lcm | >1cm | Female | Male A B epg

31 0 0 0 1 0 3 0 860
32 0 0 0 9 16 13 2 1260
33 0 0 0 0 2 6 2 0
34 0 2 1 4 2 7 2 760
35 0 0 7 9 11 3 0 820
36 0 2 1 22 5 5 0 5120
37 0 2 0 1 1 6 2 360

A 38 0 0 0 0 0 0 1 40
39 0 0 3 16 11 0 0 9760
40 0 0 4 8 2 3 0 1720
41 0 0 1 0 0 0 1 0
42 0 2 0 7 3 0 0 4220
43 0 4 0 12 5 3 0 6120
44 0 4 0 1 0 0 1 0
45 0 2 0 20 9 0 0 5360
31 0 0 0 0 0 11 1 0
32 0 0 0 2 1 22 9 700
33 0 0 0 12 7 7 4 2960
34 0 0 0 11 6 8 7 2520
35 0 6 0 0 0 3 10 240
36 0 0 0 0 0 5 5 320
37 0 34 5 16 15 2 6 3000

B 38 0 36 0 0 0 4 5 140
39 0 0 0 0 0 1 4 260
40 0 18 1 9 2 29 9 2240
41 0 0 0 10 6 0 0 3800
42 0 2 0 0 0 12 13 0
43 0 4 0 23 11 3 2 2380
44 0 0 0 0 0 11 16 20
45 0 0 0 0 0 0 0 0
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Appendix 2

Table 2a. Raw data on moisture percent and numbeksofris suum eggs per gram dry soil

of farm A
Sample Moisture Developing I nfective Dead eggs | Total eggs
number per cent €ggs €ggs
w1l 24 0.79 0.26 0.26 1.31
W2 18 0.49 0.24 0 0.73

Table 2b. Raw data of moisture percent and numbeksohris suum eggs per gram dry soil

of farm B
Sample Moisture Developing | Infectiveeggs | Dead eggs | Total eggs
number per cent eggs
w1l 32 1.18 0.59 0.00 1.77
W2 16 3.57 0.00 0.95 4.52

W1: Walking route 1; W2

: Walking route 2
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Appendix 3

Table 3a. Raw data of moisture percent and numbehsohris suum eggs per gram dry pen
sample in weaner-groweWG) pen of farm A

Area Sample | Moisture | Developing | Infective Dead Eqgs | Total eggs
number per cent €ggs €ggs
1 50 120 7 33 160
LiA 2 0 150 3 86 239
3 0 139 1 26 166
4 20 128 0 41 168
5 33 1023 0 84 1107
1 20 256 1 115 372
2 62 240 0 40 279
RA 3 77 882 0 64 946
4 73 137 0 18 155
5 59 720 0 121 841
1 84 1783 3 133 1918
2 76 749 0 67 816
SF 3 80 1103 0 61 1164
4 80 1500 0 70 1570
5 68 2466 0 121 2587
1 78 295 0 92 386
2 80 5882 0 242 6124
LA 3 78 7309 2 1000 8311
4 82 4732 0 388 5120
5 84 1575 0 405 1980
1 85 543 0 107 650
2 67 756 0 134 890
WA 3 80 307 2 17 326
4 75 581 0 30 610
5 84 545 1 85 631
1 33 72 0 39 111
2 20 384 0 78 462
FA 3 33 170 0 30 200
4 40 110 1 12 123
5 17 78 0 24 102

LiA: litter area, RA: running area, SF: slatteddip LA: latrine area, WA: waterer, FA:

feeder
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Table3b. Raw data of moisture percent and numbeksohris suum eggs per gram dry pen
sample found in grower-finisheGE) pen of farm A

Area Sample | Moisture | Developing | Infective Dead Eqgs | Total eggs
number per cent €ggs €ggs
1 50 42 1 23 65
2 60 47 0 13 60
LiA 3 17 10 0 10 20
4 67 79 0 28 107
5 17 7 0 6 13
1 77 486 0 17 503
2 33 18 0 1 19
RA 3 42 14 0 1 14
4 20 83 0 10 93
5 33 342 0 34 376
1 50 165 0 8 173
2 70 67 1 8 76
SF 3 74 486 1 49 536
4 84 724 0 86 810
5 67 320 1 29 350
1 78 6468 5 759 7232
2 78 589 0 98 687
LA 3 84 1313 6 163 1481
4 80 3180 15 205 3400
5 86 114 1 40 156
1 55 164 0 14 179
2 72 184 0 24 209
WA 3 74 246 0 38 284
4 60 62 0 7 69
5 60 193 1 13 207
1 29 6 0 6 12
2 33 16 0 7 23
FA 3 14 14 0 2 16
4 20 6 0 0 6
5 25 11 0 0 11

LiA: litter area, RA: running area, SF: slattedditpLA: latrine area, WA: waterer, FA:
feeder
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Table 3c. Raw data of moisture percent and numbeAstaris suum eggs per gram pen
sample found in weaner-growaV/G) pens of farm B

Pe A Sample M oisture Developing | Infective Dead Total
n re number per cent €ggs €ggs Eqggs €ggs
_ 1 74 888 0 188 1075
LIA 2 72 48 0 4 52

3 54 22 0 17 4Q

1 82 122 0 14 137

RA 2 68 73 0 65 13¢

3 72 111 0 50 161

1 82 79 0 18 97

1| LA 2 82 4152 0 21€ 436¢
3 80 18¢ 0 24 21°

1 74 78 0 18 96

WA 2 78 15E 0 45 19¢

3 20 12 0 2 14

1 56 83 0 9 91

FA 2 20 9 0 3 11

3 40 38 0 13 52

_ 1 78 207 0 44 251
LIA 2 68 131 0 26 15¢

3 76 24E 0 36 281

1 68 124 1 26 151

RA 2 80 77 0 9 86

3 80 a0 0 20 11C

1 84 85 0 20 105

2| LA 2 82 252 0 96 34¢
3 80 32¢ 0 36 361

1 60 105 2 40 147

WA 2 50 12¢€ 0 36 164

3 78 85 0 18 102

1 58 50 0 7 56

FA 2 2C 15 0 4 18

3 64 142 0 28 17¢

_ 1 20 56 0 8 64
LIA 2 78 191 0 68 25¢

3 64 121 0 74 19t

1 76 135 0 33 168

3 | RA 2 80 443 0 4C 482
3 80 68C 0 31 711

1 84 34 0 0 34

LA 2 82 1357 1 122 1481

3 82 43€ 0 54 49(

WA 1 70 197 0 192 389
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2 40 43 2 29 74

3 67 22C 0 29 24¢

1 63 297 1 41 334

FA 2 29 58 0 10 69

3 50 19¢€ 0 46 24

_ 1 84 62F 0 15€ 78¢

LIA 2 78 27¢ 0 25 30t

3 74 427 0 3¢ 467

1 52 291 0 43 334

RA 2 80 245 0 187 263¢

3 78 24¢ 0 38 287

1 84 36€ 0 48 414
4| LA 2 82 2165¢ 0 125¢ 2291(
3 80 873: 7 87¢ 961¢

1 3C 47 0 10 57

WA 2 63 27€ 0 55 331

3 71 21F 0 34 24¢

1 58 114 0 10 124

FA 2 50 25 0 2 27

3 40 132 0 21 152

_ 1 68 1132 3 63 119¢

LIA 2 74 23€ 0 29 264

3 48 24¢ 0 21 271

1 80 1037 0 10¢ 1142

RA 2 80 1761 0 202 196

3 70 751 0 91 842

1 82 628¢ 0 41¢ 670¢

5| LA 2 82 299; 0 20C 319:
3 80 721 0 141 862

1 86 1677 0 22¢ 190¢

WA 2 60 31 0 5 36

3 20 137C 0 337 1702

1 48 311 1 48 36(

FA 2 20 16€ 0 37 20E

3 20 23 0 10 33

LiA: litter area, RA: running area, SF: slattedditp LA: latrine area, WAFA: watering/

feeding area.
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Table 3d. Raw data of moisture percent and numbeAsHaris suum eggs per gram pen

sample found in grower-finishe{G) pens of farm B

Sample Moisture |Developing| Infective Dead
Pen| Area Total eggs
number percent eggs eggs Eggs
_ 1 82 1350 0 301 1651
LIA 2 78 221 0 25 24¢€
3 52 42 0 41 83
RA 1 80 2289 0 277 2566
2 60 660 0 65 724
3 74 665 0 119 785
1 1 78 1489 2 203 1694
LA 2 80 4310 0 900 5210
3 60 779 0 49 828
1 70 215 1 33 248
WAFA 2 70 177 0 64 241
3 40 93 0 26 118
4 70 538 3 172 713
1 80 2083 0 185 2268
LiA 2 72 106 0 110 216
3 70 385 0 128 513
1 72 1807 0 292 2099
RA 2 70 327 0 300 627
5 3 72 2271 1 228 2501
1 82 3031 0 184 3216
LA 2 76 79¢ 0 10¢ 907
3 80 3627 0 16( 3787
1 64 18€ 0 34 222
2 4 11 2 142
WAFA 3 ?56 4066 Oo go 466
4 64 22¢ 0 73 307
LiA 1 84 1589 0 150 1739
2 78 97 0 6 104
3 19 32 0 15 46
RA 1 80 875 0 101 976
3 2 70 347 0 100 447
3 72 989 0 1125 2114
1 80 1357 0 209 1566
LA 2 80 472 0 16 488
3 80 118( 0 14C 132(
WAFA 1 66 2241 0 88 232¢
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2 72 329 0 111 441
3 72 267 0 69 336
4 80 435 0 123 558
1 76 1985 15 95 2095
LiA 2 26 24 1 38 62
3 78 9 0 7 16
1 70 1108 9 141 1258
RA 2 24 1321 0 91 1411
3 70 1249 0 73 1322
4 1 66 859 0 51 910
LA 2 78 1925 0 140 2065
3 76 2317 0 288 2604
1 58 132 0 25 157
WAFA 2 60 242 0 56 298
3 60 14 0 3 17
4 64 212 0 35 246
1 58 615 0 70 685
LiA 2 70 30 0 7 37
3 50 369 0 61 430
1 68 1348 0 78 1426
RA 2 66 1188 0 115 1304
3 82 1506 0 168 1673
S 1 70 480 0 47 527
LA 2 82 1733 0 201 1934
3 80 1494 0 235 1729
1 60 168 0 27 195
WAFA 2 40 32 0 4 36
3 56 78 0 30 108
4 50 164 0 31 195

LiA: litter area, RA: running area, SF: slattedditp LA: latrine area, WAFA: watering/
feeding area.
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Appendix 4

Fig 4a. Sketch of the pig pen and sampling arésdf weaner-grower (WG) and grower-
finisher (GF) pens
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Fig 4b. Sketch of the pig pen and sampling arésdf weaner-grower (WG) pens of farm
B
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Fig 4c. Sketch of the pig pen and sampling arésdf grower-finisher (GF) pens of farm
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