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Abstract

Mongkol Techakumphu® Padet Tummarak Wichai Tuntasuparuk Annop Kunawongkrit

PROGRESS OF REPRODUCTIVE BIOTECHNOLOGY INPIG

With increasing demands for good pig breeding genetic, various reproductive biotechnologies
have been developed. Artificial insemination (Al) was the first to be worldwide on swine farms, as
semen from boars of high genetic quality can be disseminated to many females and produce
high-quality breeders and fatteners. Deep uterine insemination (DUI) with a low concentration of
fresh semen, frozen or flow-sorted spermatozoa is a recent technique in the Al scheme. Embryo
transfer (ET) is now accepted to be the safest way to introduce new genetics into swine herds.
Recently, embryos can be collected and transferred by non surgical techniques and pig embryos
at the expanded blastocyst stage can be frozen in liquid nitrogen. Nowadays, Al and ET are well
developed in Thailand. Furthermore, new advanced techniques such asin vitro fertilization, somatic
cell nuclear transfer (cloning) and trangenesis have been studied in order to improve swine milk
production aswell asfor human biomedical purposes. The modification of milk composition and it's
production from transgenic piglets will be useful for improving lactation performance. Moreover
the gene-inserted organs from transgenic pigs to human, so called " xenotransplantation" will be

used to solve the shortage of transplant organsin humans.

Keywords: Reproductive technology, pig

Department of Obstetrics, Gynaecology and Reproduction, Faculty of Veterinary Science, Chulalongkorn University,
Bangkok 10330.

*Corresponding author
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Abstract

Annop Kunavongkrit* Chainarong Phumratanaprapin® Padet Tummar uk?
Wichai Tantasuparuk® M ongkol Techakumphu?

THE RELATIONSHIP BETWEEN BACKFAT AND BODY
CONDITION,AND IT'SEFFECT ON REPRODUCTIVE

PERFORMANCE IN FEMALE PIGS

The relationship between backfat thickness (P2) and body condition (BC) in sows varies
according to parity number, reproductive status, breed and particularly, the investigator. Asthereis
a positive correlation between P2 and BC, therefore, P2 could be used instead of BC evaluation
eliminating investigator's bias. P2 in replacement gilts has a positive correlation with longevity, so it
isimportant to consider thisfactor when selecting replacement gilts. Backfat thickness measurement
in pregnant sows could also help feeding management to avoid problems during parturition and
lactation caused by too fat or too thin sows. These problems might be associated with MMA, small
litter weights, dystocia and low feed intake during lactation. Decreasing backfat thickness and
body weight during lactation might influence reproductive efficiency after weaning, especially the
weaning to estrusinterval. However, the backfat thickness value must be made specific to each farm
since the mean of parity, breed and management causes differences. Accordingly, it should be
adjusted to bethe best valuefor each individual farm to give the greatest benefit.

Keywords: Backfat thickness, body condition, reproductive performance, female pigs
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transverse process

(Patience and Thacker, 1989)
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NEW DEVELOPMENTSIN GENETIC SELECTION
FORLITTER SIZE AND PIGLET SURVIVAL
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Abstract

Tettevan der Lende” Egbert F. Knol? Birgitte T.T.M. van Rens'?

NEW DEVELOPMENTSIN GENETIC SELECTION FORLITTER
SIZE AND PIGLET SURVIVAL

The number of piglets weaned per sow per year is an economically important trait. It is
determined by the number of litters per sow per year, the number of fully developed piglets at the
onset of each farrowing and the ability of these piglets to survive until weaning. Improvement of
litter sizeisan important goal for pig breeders. For variousreasonsinterest in selecting for improved
piglet survival hasincreased over the years. The heritabilities for litter size and piglet survival are
relatively low, but genetic variancefor thesetraitsislarge. Therefore, selection for litter sizeaswell as
piglet survival ispossible. Improvement of litter size by selection for underlying components of litter
size is also possible, but difficult and expensive to implement in breeding herds. Improvement of
piglet survival isalso possible by selecting for improved maternal effect or mothering ability. Based
on knowledge about the genetic correlations between litter size, piglet survival and production traits,
breeding programs could be developed that lead to balanced selection, assuring simultaneous
improvements of litter size and piglet survival while still making good progressin production traits.
Over the last years several specific polymorphic genes as well as QTLs (quantitative trait loci, i.e.
chromosome segments) with effects on litter size or piglet survival have been found. The use of this
information at the DNA level may further assist improvement of thesetraits. To avoid unexpected and
unwanted side effects, breeders should be careful when using identified polymorphic genes or
detected QTLs, especially if detailed information about pleiotropic effects of the loci involved is not
available.

Keywords: Litter size, piglet survival, candidate genes, quantitative trait loci
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Introduction

The number of piglets weaned per sow per
year is an economically important trait. It is
determined by the number of litters per sow per
year, the number of fully developed piglets at the
onset of each farrowing and, last but not least, the
ability of these piglets to survive the hazards of
birth and the subsequent period until weaning.
Although management and environment largely
influence these three underlying traits, they are al'so
under the control of genes. Therefore quantitative
and molecular genetic techniques may be used to
improve these traits. Thefirst part of this paper will
focus on quantitative genetic selection for litter size
and piglet survival. It will be concluded with some
remarks concerning the importance of balanced pig
selection programs, including selection for both
litter size and piglet survival. The second part of the
paper will summarise current knowledge about
specific polymorphic genes and chromosome
segments (quantitative trait loci or QTLS)
associated with litter size and piglet survival.
This part will be concluded with some comments
about the prospects and risks of using knowledge at
the DNA level in breeding programs for improved
litter size and piglet survival.

Quantitative genetic selection for litter size and
piglet survival

Selection for litter size

One of the important reasons for large-scale
use of crossbred multiplier sowsin the pig industry
is to benefit from heterosis effects on reproduction
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traits, especially litter size. In the dam lines that are
used to produce the crossbred multiplier sows,
improvement of litter size remains nonetheless
an important goal for pig breeders.

The heritability of the direct genetic effect
on litter size, either expressed as total number born
or number born alive, is approximately 0.1 (Haley
et al., 1988; Rothschild and Bidanel, 1998;
Hanenberg et al., 2001). The genetic correlations
between litter size in adjacent parities has been
reported to be close to one (Haley et al., 1988;
Alfonso et al., 1997). However, there are also
reports that indicate that litter size in different
parities may have lower genetic correlations and
should therefore be considered as different traits
(e.g. Hanenberg et al., 2001).

Although the heritability for litter size is
relatively low, the genetic variation for the trait is
large. Since next to the selection intensity both the
heritability and the genetic variance are important
for any genetic progress that can be made in a
breeding program, selection for litter size is
feasible. Worldwide several pig breeding
companies have actually proven that it can be highly
successful. An important factor in this success has
been the devel opmentsin computer technology and
biostatistics leading to the implementation of Best
Linear Unbiased Predictor (BLUP) selection in
nucleus populations (Johnson, 2000).

The annual improvement in nucleus herds
for total number born and number born aive can
be as high as 0.2 piglet. With this rate of genetic
improvement and assuming 2.5 litters per sow per
year, the number of piglets born per sow per year
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in these herds can increase annually by almost 0.5.
The genetic progress obtained in large national
purebred populations, however, seems to be much
less. In the United States of Americathe calculated
genetic improvement between 1988 and 1998 for
number of pigletsborn aivein Hampshire (Moeller
et al., 2000), American Landrace (Stalder et al.,
2000), Duroc (Baas et a., 2000) and American
Yorkshire (See et a., 2000) has been only 0.0039,
0.03, 0.028 and 0.036 piglet per year, respectively.
With these rates the annual increase in the number
of piglets born alive per sow per year (again
assuming 2.5 litters per sow per year) is 0.01, 0.08,
0.07 and 0.09, respectively.

Next to direct selection on litter size
information, selection for a component or a
combination of components of litter size, such as
ovulation rate, prenatal survival, uterine capacity
(see e.g. Zimmerman and Cunningham, 1975;
Johnson et a., 1984) and selection for increased
placental efficiency (Ford, 1997; Wilson et a., 1999)
have also been suggested for litter sizeimprovement.
It has been shown that selection on ovulation rate
alone and on a combination of ovulation rate and
embryonic survival until day 50 of pregnancy are
not successful (Cunningham et al., 1979; Johnson
et al., 1999) but that selection on an ovulation
rate/uterine capacity model of litter size may be
more effective (Johnson et al., 1999). However,
implementation of this model in breeding herds is
difficult since laparotomy is needed to count the
number of corporalutea as an estimate of ovulation
rate (Johnson, 2000). Selection for litter size by
selecting for placental efficiency, i.e. the ratio
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between piglet weight and placental weight, is a
novel concept. The basic ideais that the number of
pigletsthat can be carried to term will increase with
increasing placental efficiency. Comparison of
placental efficiency between the prolific Meishan
breed and Western breeds confirms this idea (Ford,
1997). Unfortunately, implementation of this
selection strategy in breeding herdsis also difficult.
To successfully select on placental efficiency,
placental weight needs to be available for each
individual piglet born. This can be achieved by
labelling placentae of piglets during farrowing,
but it involves substantial amounts of labour.
Implementation in breeding herds is therefore
difficult and undoubtfully expensive.

Litter sizeisnot only influenced by the sow,
but also by the service sire. The heritability of the
service sire effect on litter size is much lower than
the heritability for the direct genetic effect, being on
average less than 0.02 (briefly reviewed in the
discussion of Van der Lende et al., 1999).
Therefore, direct selection for the service sire

effect will hardly improve litter size.

Selection for piglet survival

There are four reasons for the increased
interest of pig breeders in selection for improved
piglet survival. The first reason is the fact that
piglet mortality as such is an important economic
loss for the pig producer. Secondly, there is
increasing evidence that selection in pigs for fast
lean growth (i.e. high growth rate and low backfat
thickness) has a negative effect on piglet survival
(Herpinet a., 1993; McKay, 1993). Thirdly, it may
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be expected that selection for increased litter size
will aso have a negative effect on piglet survival.
Last but not least, there is increasing interest for
piglet survival as part of the growing awareness of
animal welfare as such and in relation to consumer
acceptance of pig production practices. Based on
our present knowledge, the prospects to select
successfully for piglet survival are positive.

When treated as a trait of the sow, the
heritability of survival of the litter is approximately
0.05 (Siewerdt and Cardellino, 1996; Rothschild and
Bidanel, 1998; and Cardellino, 1996; Knol, 2001).
Litter mortality, however, is dependent on both the
genes of the pigletsand of the sow and, if the piglets
are crossfostered, on the genes of the sow they are
crossfostered to. If the latter is ignored the
appropriate model isadirect/maternal model. When
piglet survival is treated as a trait of the piglet, the
estimate of the heritability for the direct genetic
effect isalso approximately 0.05 (Knol et al., 20023).
Despite these low heritabilities, selection for piglet
survival isfeasible sincethe genetic variancefor the
trait is large. Although different strategies can be
chosen to select for improved piglet survival, Knol
(2001) has shown that selection on the direct effect
of piglet survival (i.e. the genetic merit of the
individual piglet to survive from onset of farrowing
until weaning), both with or without correction for
birth weight, will be successful. This selection
strategy will improve both farrowing survival and
preweaning survival.

It is generally accepted that higher birth
weights are associated with a higher probability to
survive. Selection for improved piglet survival,
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however, does not seem to increase hirth weight
but may even result in a dlight reduction in birth
weight (Knol, 2001). The possibility to select for
increased birth weight to improve piglet survival
was also investigated (Knol, 2001). Completely in
line with the aforementioned effect of selection for
piglet survival on birth weight, it was found that
selection for increased birth weight would actually
somewhat decrease piglet survival.

Biological studies using piglets with
different genetic merits for piglet survival
(Leenhouwers, 2001) strongly suggest that selection
for improved survival will increase the degree of
maturity of the piglets at birth (Leenhouwers et al .,
2002) rather than affect the progress of parturition
or early neonatal piglet behaviour leading to earlier
postpartum ingestion of colostrum (L eenhouwers et
al., 2001). Leenhouwers et a. (2002) compared late
foetal development between piglets with alow and
piglets with ahigh genetically determined ability to
survive from onset of parturition until weaning.
Thisstudy indicated that selection for piglet survival
will increase the proportional masses (g kg-1 body
weight) of liver, small intestine, stomach and
adrenals and enhance the maturation of the
hypothalamus-pituitary-adrenal (HPA) axis (and thus
the glucocorticosteroid-dependent late foetal
adaptive maturation of various organs, e.g.
gastrointestinal tract and lungs). Selection for
piglet survival will furthermore increase liver and
muscle glycogen concentrations, total amount
of liver glycogen and body fat percentage, thus
improving the thermoregulatory capacity of the
newborn piglet (Leenhouwers et a., 2002).
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Until now this part of the paper mainly
considered piglet survival asfar asit is determined
by the genes of the piglet itself. However, from a
genetic point of view, the survival of a piglet from
the onset of farrowing until weaning is not only
determined by its own genes but also by the genes
of the sow, i.e. by her genetically determined
maternal effect. Note that in this paper maternal
effect includes prenatal, intranatal and postnatal
maternal influences on piglet survival. The
heritability for maternal effect, when calculated
for piglet mortality asalitter trait (percentage piglet
loss within the litter), is close to 0.1 (Knol, 2001).
Again, although thisheritability isrelatively low, the
genetic variation in maternal effect is substantial
and therefore selection on maternal effect can be
successful. Next to the heritability for maternal
effect, it isalso possible to calculate the heritability
for mothering ability, i.e. the ability of asow asnurse
sow. This mothering ability is calculated as the
percentage of piglets weaned out of the total
number of piglets nursed, taking into account
crossfostering. The total number of piglets nursed
was calculated as the total number of live born
piglets plus or minus the number of crossfostered
piglets. The heritability for mothering ability islower
than that for maternal effect, being in the range of
0.02 to 0.06 (Hanenberg et al., 2001; Knol, 2001).
Interestingly, Hanenberg et al. (2001) found a
relatively high genetic correlation of approximately
0.40 between gestation length and mothering
ability. The heritability for gestation length is
approximately 0.25. This means that selection for
increased gestation length will lead to a better
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chance of suckled piglets to survive until weaning.
Biological studiesusing sowswith different genetic
merits for mothering ability have shown that
selection for mothering ability will affect the late
gestational glucosetolerance of the sow (Knol etal.,
2002°). The same study indicated that selection for
mothering ability will decreasetheinterval between
birth and first colostrum uptake of piglets. The
association between genetic merit for mothering
ability and average time of first colostrum uptake of
the piglets does not seem to be related to the
morphology of the udder since the latter was not
related to genetic merit for mothering ability (Knol
et al., 2002. It is possible that good nurse sows
spend more time in alateral lying position with the
teats well exposed and presented during and after
farrowing, thus giving the piglets a better
opportunity to find a teat and suckle. Since it is
known that piglets use olfactory cues rather than
visual cues to find the udder, genetic variation in
amount or type of pheromones spread by the skin of
the udder or tips of the teats may also be an
explanation for thefound association. Morrow-Tesch
and McGlone (1990) have reported individual
differencesin ventral skin odor of sows.

Balanced selection programsincluding litter sizeand
piglet survival

In order to predict the consequences of the
inclusion of selection for litter size and piglet
survival in a pig-breeding program with various
other traits under selection, it is important to have
knowledge about the genetic correlations between
litter size, piglet survival and these other traits.
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It is well recognised in practice that the piglet
survival rate decreases with increasing litter size.
From genetic analyses it is clear that the genetic
correlation between piglet survival and litter sizeis
also negative. Thismeansthat selection for increased
litter sizewill result in adecrease in piglet survival.
Knol (2001) found the genetic correlations of -0.38,
+0.06 (not significantly different from zero) and
-0.45,between the total number of piglets born and
(a) the piglet survival rate from onset of parturition
until weaning, (b) the stillbirth rate and (c) the
preweaning mortality rate, respectively. This
indicates that selection for litter size will hardly
affect the stillbirth rate but will increase the risk of
preweaning piglet mortality. Thus the increase in
number of piglets born alive will not be reflected
completely in number of piglets weaned. In
agreement with thisMoeller et al. (2000), Stalder et
a. (2000) and See et al. (2000) found over the
period between 1988 and 1998 that American Hamp-
shire, American Landrace and American Yorkshire
had lower genetic trends for the number of piglets
weaned than for number of piglets born alive
(0.0007 vs. 0.0039, 0.003 vs. 0.03 and 0.01 vs. 0.036
piglet per litter per year, respectively).

The genetic correlations between litter size
and several other economically important traits
indicate that single trait selection for litter size will
hardly affect growth and carcasstraits (Haley et al.,
1988). In the case of selection for piglet survival
correlated responses may be expected. The genetic
correlations of piglet survival with severa other
economically important traits indicate that single
trait selection for improved piglet survival will
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increase feed intake, daily gain, and backfat
thickness and decrease residual feed intake (Knal,
2001). Furthermore, single trait selection for
improved mothering ability to improve piglet
survival will decrease gain, feed intake and in
particular, protein deposition (Knol, 2001). It is of
interest to note that the increased gain and backfat
thickness as a correlated response to selection
for piglet survival may be related to the better
development of the gastrointestinal tract and
higher carcass fat percentage at birth in piglets
with a high genetic merit for piglet survival, in
comparison with those with a low genetic merit
(Leenhouwers et al., 2002).

From the aforementioned it will be clear that
knowledge of genetic relations between production,
reproduction and survival traits undoubtedly make
it possibleto build anindex, which will allow amore
balanced genetic progressin al traits of interest to
pig producers, including an increase in both litter
size and piglet survival while still maintaining
progress in all other traits of interest too. It should
be a challenge for all pig breeders, now and in the
future, to achieve such breeding programs.

Molecular genetics of litter size and piglet
survival

The rapid developments in the field of
molecular genetics have led to new possibilities to
identify polymorphic genes and to detect QTLsS
(quantitative trait loci, i.e. specific chromosome
segments) with major effects on economically
important production and reproduction traits. It is
generally believed amongst animal geneticists
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that the information about identified polymorphic
genes (as a result of the candidate gene approach)
and QTLs will contribute to an increased rate of
genetic improvement.

Genes and QTLs for litter size
All polymorphic genes encoding factors
involved in reproductive development and/or the
regulation of reproductive functionsarein principle
candidate genes for litter size. Through the
candidate gene approach, anumber of polymorphic
genes with significant effects on litter size have
been identified. These are (in a phabetical order):
» theestrogen receptor (ESR) geneon SSC1
(Rothschild et al., 1994; Rothschild et al .,
1995; Rothschild et al., 1996)

m the follicle stimulating hormone 3
polypeptide (FSHB) gene on SSC2 (Li et
al., 1998)

= the melatonin receptor 1A (MTNR1A)
gene on SSC17 (Ollivier et al., 1997)

= the osteopontin (OPN) gene on SSC8
(Southwood et al., 1997; Southwood
et al., 1998)

= the prolactin receptor (PRLR) gene on
SSC16 (Rothschild et al., 1998; Vincent
et d., 1998; Putnovaet al., 2002)

= the retinol-binding protein 4 (RBP4)
gene on SSC14 (Ollivier et al., 1997;
Rothschild et al., 2000)

It is currently for none of these genes clear
whether their different alleles are directly involved
in litter size variation or whether they are 'merely’
genetic markers for closely linked other
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polymorphic genes causing the actual effect on
litter size. In the case of the ESR gene (2 alleles,
referred to as A and B) data from many different
studies are now available (see table 1). Although
many of these studiesindicatethat the B alleleisthe
favourable allele for litter size, other studies show
no effect or even indicate that the A allele is the
favourable allele. Although differences in results
between different genetic lines may be due to
differences in background genes, in this case it
seems more likely that the ESR polymorphismis a
marker for a linked polymorphic gene with the
actual effect on litter size.

Until now only a limited number of whole
genome scans have been performed in pigs. A
significant QTL for number of fully formed
piglets at the end of pregnancy has been found on
chromosome 11 (SSC11) (Cassady et al., 2001).
Suggestive QTLs have been found for TNB on
SSC6 (Wilkie et al., 1999), TNB in first parity on
SSC7 (De Koning et al., 2001), TNB in second
parity on SSC12, SSC14 and SSC17 (De Koning et
al., 2001) and NBA on SSC11 (Cassady et al., 2001).

Genes and QTLs for piglet survival

In the pig the candidate gene approach has
not yet been used to investigate associations
between specific polymorphic genes and stillbirth
or preweaning mortality. By means of whole genome
scans significant QTLs for the number of stillborn
pigletshave been found on SSC4 (Wilkieet a., 1999)
aswell as SSC5 and SSC13 (Cassady et al., 2001).
Until now, no QTLs for preweaning mortality
have been reported.
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Table 2. Pleiotropic effects of the PRLR (2 alleles, A and B) and the ESR gene (2 alleles, A and B)

PRLR! AA (n=26) AB (n=36) BB (n=15)
Total number of piglets born3 11.42 + 0.66* 10.78 + 0.56* 8.80+ 0.87°
Number of piglets born alive3 11.12 + 0.64° 10.51 + 0.55% 8.67 + 0.85¢
Age of giltsat first estrus (d) 228+ 213+ 8* 187+ 12»
Litter mean teat number 1420+ 0.1% 14.37 + 0.08* 1463+ 0.13
ESR2 AA (n=73) AB (n=126) BB (n=76)
Total number of piglets born 11.38 £ 0.38* 11.88 + 0.28° 10.68 £ 0.35°
Number of piglets born alive 10.45 + 0.39® 11.07 £ 0.2%° 9.85+ 0.36°
Piglet growth until day 21 (g/d)* 1714+ 11.8 170.8 + 10.2 201.7+11.2
(177.3+7.7) (172.9 + 6.6) (193.8+ 11.2)

a,bp< 0.05 cdp< 0.09;
From: Van Rens and Van der Lende (2002a)

2From: Van Renset al. (2002) (litter size data) and Van Rens and Van der Lende (2002°) (piglet growth data)
SAll gilts were inseminated at fourth estrus; age at first estrus, or age or bodyweight at insemination did

not influence differences between genotypes

‘Based on 18 AA, 24 AB and 20 BB litters; between brackets piglet growth until day 21 (g/d) after correction

for number born alive (genotype effect: p=0.1)

Prospects and risks of the use of molecular genetic
information in breeding programs

Until now use of the available information
at the DNA level to improve litter size or piglet
survival islimited. The use of QTLsin commercial
situations is accomplished through marker assisted
selection or MAS (Rothschild et al., 1997). With
the increasing number of QTLSs, not only for litter
size and piglet survival, but also for underlying
components or underlying physiologica pathways,
it is to be expected that MAS will become more
important in selection for sow prolificacy. The use
of MAS should only be done in concert with

selection based on standard performance measures
(Rothschild et al., 1997).

The use of identified polymorphic genes
with effects on litter size (and in the future perhaps
on piglet survivability) seems straightforward, but
isnot without risk. Selection for thefavourableallele
for litter size impliesthat the unfavourable allele(s)
will disappear from the population. When making
breeding stock homozygous at alocus with known
effects on litter size, other traits may be influenced
too. These other influences may be unwanted. The
possibility existsthat the favourable allele for litter
size is not the favourable allele for possible
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pleiotropic effects of the locus under consideration.
That this risk is a reality comes from studies
concerning physiological aspects of the PRLR and
ESR polymorphisms (Van Rens, 2001; Van Rens
and Van der Lende, 20022, 2002°). For the PRLR
polymorphism it has been shown (Table 2) that the
favourable allele for litter size is the unfavourable
alele for both age at first estrus and the litter-mean
for number of functional teats (Van Rens and Van
der Lende, 20029). Likewise, for the ESR polymor-
phism there is an indication (Table 2) that the
favourable allele for litter size may be the
unfavourable allele for preweaning piglet growth
(Van Rens and Van der Lende, 2002Y). In fact, the
existence of pleiotropic effects such as described
here, may explain why the different alleles at a
locus associated with litter size remain in a
population, even when under selection for litter
size (Van Rens, 2001).

Completely in line with the previous
paragraph, when using MA Sto benefit from detected
QTLs, care should be taken that antagonistic
effects do not exist (Rothschild et al., 1997).
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Abstract

Padet Tummaruk™ Wichai Tantasuparuk Mongkol Techakumphu Annop Kunavongkrit
FACTORSAFFECTING LITTER SIZE IN PUREBRED SOWS

Factors that are considered to have impacts on litter size at either sow or herd level
comprise, sow breed, parity number, mating procedure, lactation length and the quality of the gilts.
Dam-line breeds such as Landrace (L) and Yorkshire (Y, Large White) normally have satisfactory
production levels and are superior in their reproductive performance compared to sire-line breeds
such as Hampshire (H) and Duroc (D). Management practices as well as factors related to the
physiology of the sows e.g. feed consumption, metabolic rate and weight loss during lactation, may
contribute to breed difference in sensitivity to various environmental stresses, such as the season.
Crossbreeding enhances pig production i.e. crossbred sows produce about 0.6 to 0.7 more piglets
per litter compared with purebred sows. The influence of either Al or natural mating on fertility
is largely dependent on herd management, particularly heat detection, accurate timing of
insemination or mating, which includesthe number of matings per oestrus. A lactation length of less
than 2 weeks is followed by a delayed oestrus after weaning and increased embryonic losses, which
reduces subsequent litter size. It hasbeen demonstrated that giltswith a higher growth rate (GR) had
alarger littersas sowscompareto giltswith alower GR. Giltswith a high backfat (BF) had superior
subsequent reproductive performance. In order to select a good breeding gilt, production traits
such as GR and BF areimportant. Thereis also some evidenceindicating that the size of thelitter in
which the gilt was born, influenced her subsequent reproductive performance. The condition of
the gilts at birth partly depends on the condition of the uterus out of which the gilts were born.
The greater the number of foetusesin the uterus, the less space available per foetus, resulting in a
limitation on the growth of the foetus. On the other hand, studies have shown that the ovulation rate,
embryonicsurvival and uterinecapacity, which all influencelitter size, haveamoderatetohigh  heri-
tability and respond well to long-term selection. Gilts born from sows with a high litter size may
inherit genesfavouring high ovulation rates, good embryonic survival and/or better uterine capacity.

Keywords: Pig, litter size, purebred, reproductive performance
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Number of piglets born alive per litter

Ovulation rate Fertilization rate Embryonic/fetal survival Stillbirth rate
Sow breed - Sow breed - Sow L Sow breed
Lactationlength - Boar breed - Boar breed
Parity - Mating type - Mating type - Boar breed
Feeding - WS - Lactation length - Season
- Season - WSI - Parity
- Parity - Season - Housing system
- Reproductive diseases - Parity _ 9
- Housing system - Feeding
- Feeding - Reproductive diseases

- Reproductive diseases
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Tugvesgnlunsen NUIUGN _NIUINAADA
(13l X 1) NFInrenson
LxL 11.0¢
LxY 11.3°
Y xL 11.1°
Y xY 10.8¢

vaneng: ““Aunaeivdionysaaladanitunieusune luneduiliaeaiu Tuuana iy o > 0.05)
#N1; Tummaruk et al. (2001°)
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2. sunsen (Parity)
o 1 @ o
MmAuAsoniiHaae NITONINMT DU U
] ™) Y =) <
ud ns Teenaly nsdeusnezlvuansonan
N1, NTUN LAsIUIAAIENIE 3 Aty nIaiau
] v
A50NT 3-6 HAINTUILABYY anad (Dewey et al.,
2000")
A o ' A A )
ninaeudelhaemsnlasuniasves " unadow

(Clark et al., 2000 uag

1995; Tummaruk et al., nIveausiiy

1986; Tummaruk et al.,
o a oA vy '
fNﬂ“Llf)']‘l’i']iGlLlGh"NLaﬂﬂ@‘ﬂllﬂu@ﬂﬂ’ﬂ JIUN (Koketsu

et al, 1996; Neil et al., 1996) UanNHadaald

Wasu urtiaiemsaiayaulaveesianiedn
k) o Sld' 1 = a
At M vadems a~ o ugaveuwMued u
= d’l = 1 I Y % ]
ms "o weatziinademsidu “andandiuy

wazuIumMIan 1y (Baidoo et al., 1992) M3l

9115 luiSue aneun 1 (flushing) IzTHade
mstiusaumsanlaly N3 1 _nIesusnuaz
#oa oaminiu udli1dnaly nsé’wﬁumaﬂmnﬂiw
2 s’fiyu”lﬂ (Dial et al. 1992) M UYEUIA
Asonilemdunson wu wsaesuieldnms
rwm;ummmmumﬁmﬂ”lmuawmmﬂmaﬂmmmu
ﬂif)ﬂ‘ﬂ wu (Gama and Johnson, 1993) HONN
umﬂ‘umanmmﬂmmmqmaﬂu ﬂﬁ‘nmﬂmnmw
fumansenlamas and1 nsfierefes Tasny
1997)

MemgaunIen IHaREYIAATON 1NN ALRAY

v
lu _nsfeausmviniy (Culbertson et al.,

22 o o w =
voavuaasen Tudavuiuaduasen Tasmasly
& ; o g = o 2
dutluedann Mslsuvanseniiagavanismin
‘A uved NIAAUAIENa1NY  Tule  (parity
distribution) A28l D
ad o d .
3. I5MIN NNWUT (mating type)
] Y
Tugla AINTININMIN UFTIUMAUAZAIH U
' v
WeN VUIANTONNNAIINNITH UFTTUIALDUATI

Hvwalugininman wiley (Dewey et al., 1995;

Thai J. Vet. Med. Vol. 32 Supplement, 2002

o 1 I ~
Tummaruk et al., 2000%) »81313AaluMINARDIN
Imsaugualsang wuhvineasen lufianw
HANANNAUTZTHINMTH UFTTUTIAUALNITN Y
o (Flowers and Alhusen, 1992) ImsAneIny
) Y

MHANTZNVVDINITH WNIUADVUIAATOATTUAY
@ o 1 I @
fumsdams laun msasromailu “a msdenan

4 [l o ) 3/’ J I
WoUNUNUET HAZIIUIUATIVOINTH UAeMTHIU
“a (Xue et al., 1998; Steverink et al., 1999; Almeida

a [y % = =\ Y o
et al, 2000 Hgumsw wneulnsldiu
Y
261903V INNINATINITH UFTIVIA F91TUNT
Uszimulse “nsnmnisn wareldnisdanislu
' P o & ¥ o q ¥ = A Y

uaazgalianuandudesmldazivsaiielvivina
AsennmMIn ey lidesninnsw UFITNIA
Tuilseme AU Tummaruk et al. (2000°) WU

a a @ 4 1
Use “nEammsw wiowlu nsiug Y desnn

o A s A yve
n3iug Lo 2) watlownaldneninms
[ A a ] R Y =< A
Tansluganiemaanul  nseadaqeadnyiy
wuse lihielSudgeamsn wienlvtilss “nsamw

4
Jalu nsnn enug

4. 382188990 (Lactation length)
R C=
nythsuduvssnyguves nsluilagiiul
d” a A
JzezMv0INIasgnlnalszuna 3 1heu
9
(Mauget, 1982) lagiiuszoziaoagnluga asuuuy
ga mnssulaem ) IFnanlszanm 3-4 ek
(Meredith 1995' Tantasuparuk et al., 2000) ile
iwﬂwmﬂﬂaﬂ “LchN FOUMSHAN (farrowing interval)
<
9z “unsdrouazfuaunseniinan lddemidoll
<
k)

i (Dial et al, 1992) ogl5namszey

q

(@eagn Unh 2 et eziinar"osie wssonm
NIMs RSN 19U szezrd it uunu
Funazdnsnig L deeu Nqﬁu (Mabry et al.,
1996; Marsteller et al., 1997) Tummaruk et al.

' 4
(2000°) WUIUUBIZEZIRBIgNAAD 1 ‘a1 vna



]
A A

7T 17 wwng U7 32 avuWiae 2545

69

11 .2 4

1n.rss

e

1157

11 .41

1.2

Humhber of total borniitter

1.z

11.1 T

Total

Al

Mating type

s1ii 2

4
ANUUANAWNUDIVUIANTON (ih‘uilu@'ﬂ qﬂiﬁ%ﬂml’iﬂﬂﬁﬂﬂﬁ\iﬁuﬂ) TEUINMIN UTITUFIAN (NM)

uazmIn wiiow (AD lu nsiufuaudisy (L) uaz s05niFos (Y) @ =L; 0 = Y). a AU b uay

¢ U d uananiued Ll 1A p < 0.001 Hag p < 0.01 MUAIAL

131 Tummaruk et al. (2000°)

asenluseumsnandaliszanaslaemas 0.2 v/
A30N FozAMINIgUoINAgnINonsouTuMsH
v
fveedvouIziiaiueg1s NysaivdeaInaaena
) o 4
ﬂiwmm 3 ﬂmw (Palmer et al., 1965) 185282
mmaﬂummu Nuuvesrleaanalnaazt “a u
‘V] wu (Kunavongkrit et al., 1982) 5% ﬂ‘]JGUE'N
lutenizing hormone (LH) 11&"]5’.]0‘1/]1851160’5 b LafNaﬂ
LaendaniuuionReItesfunave s zezides
aﬂmmummaﬂ (ROJanasthlen 1988 Rojanasthien
and Einarsson, 1988) ﬂi‘mﬁ gy mmnﬂummim
naunNlunisdsy ngaammiwmmwaiw
9 o YL @ l I 1
wiounumsn wiugluseudall edrelsnagiing
Y9 NI AIZVOIMIIHINAIYIMT UTuauas
A Yo ] d’l <3
Auawemsn _nslasulugiudeegniaisey

MuNsadsenounu (Hulten et al., 1993;

Neil et al., 1996) Tummaruk et al. (2000°) WUN
4 9 4
M3zo21A09gn “UaY TZETHOUNTNN WIZIUTY
1 4 4 = @ dyw
A lu nsiug L odefendy Y venindids
~ = A Y Y 3 ' o o Aa
fmsaneoug lan adddmiud woiug U5
o s _nsnulduazaidunsen  nsolinasan
4
AUNDIZOZIA0IgNAD NTTNINMS VIWUEIUTOD
{Tﬂ"lﬂﬁ’wmiuﬁu (Xue et al., 1997; Koketsu and

Dial, 1997)

5. AMUMNYDI N3 17

ﬁﬂuﬂiﬁﬁ%ﬂmﬂWW“Uﬂﬂ 13 Milignant
Tuumanud UsznoudledaiimsnIyay Ia (growth
rate, GR) AUHU1 1y “unda (backfat thickness,
BE) winansendi nsifa uazdiduasenii niina
@ 3)
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M519N 3 ﬂ'1 152 N3 uminanoe (regression coefficients) 11 A4AIN Wuﬁuﬁimdwmmﬁaw yla
mmﬁﬂ (age at first mating, AFM) ©n31mMinsyaula (GR) Anuru v “unde (BF)
wmwuﬂ 100 fAlanfy vuanseni .03 0@ (birth litter size, BL) Hazvuanson Tyl
.3 (N = number of observation)
Par ameter Parity Regression coefficient
estimated N Mean BL GR BF AFM
(100g/d)  (mm) (10d)
Total born 1 5577 105 0.08*** (Q.3*** Ns 0.08***
2 3403 10.7 0.09*** (0.2* 0.08** Ns
3 3286 11.7 0.07*** 0.2* Ns Ns
4 2622 12.2 0.10***  0.4*** 0.1x** -0.04*
5 1980 12.3 0.09*** (0.3* 0.1** -0.06**
Liveborn 1 5577 9.9 0.08*** (Q.3*** Ns 0.09***
2 3403 10.1 0.08*** (.2* 0.08** Ns
3 3286 11.0 0.07*** 0.2* Ns Ns
4 2622 11.3 0.09*** 0.3** 0.09** -0.04*
5 1980 11.3 0.07**  0.3* 0.09* -0.05*
w1 Tummaruk et al. (2001")
AouazIh Juasgyiiug mﬁmmmuimm et al., 1991; Rydhmer et al., 1994; Tummaruk

qﬂsc'f;aﬂizﬂau"lﬂmﬂmi y ulUsau ludunag
wasnu Ianuuandeiuluy nsuday 1eWusg
(Henken et al, 1991) 8as1Misaanlaved n3
?Tuﬁ’umﬁﬁumwwmazﬁmﬁmimmmﬂujmmi
YD _N3104 (Schinckel, 1999) TaoldSumanszny
nnilidems “unadenvawedin 1wy gileime
AV UeIMIIate nazdnpas Tsadeu (Black
et al., 1999) Tummaruk et al. (2001%) NUN Rikl

d‘dw a a =S 1
MeanmMssyaula vzivinansenlg)
N1 A3 MALBAIIMIRTyau e @M3nn 3)

=~ o ' > 2 Y 1w a o
(gﬂ'ﬂ 3) HAZYINUMN qﬂiVIIGILi’JHﬂW’JEJH]ﬁﬂJuWHﬁz

3 ' < ' > ya g .
memazgﬂw VLIINN qﬂi‘ﬂi@l‘]ﬂﬂﬂﬂ’w (Eliasson

a A A Y a Y3 A = <
et al, 2000 “9hewazldeiineldnde nsilasd
| Aa a | Y
o1y _AINN umuAnI wasll w30 M1y
A a A v Y YA 1
159 1MISINEM S YUBITZUD “ DU IdAnI N3

'
~

) o As & a gy \ ,
nlad wennnidInTasrewnuldunninlua

a o

{o o To o & a
Imaszdn JenTayiul  FwaveimsnueIns
1 dy =) 1 A 2 o
Tugnatinuninane UII0MNMS  DWUTIU A3
ATONLSA 1Y YUIAATON (Almeida et al., 2000
Stalder et al., 2000) nmsanuludiuns
o o ' § o A
YSudgeiugnuan ns mignaadenldnuld
winazdianunuuesluiu “unds wuilenaoauaz
E
nue1ms launluriudesgn (Kerr and Cameron,

A I v o Ao o A
1996) weanneIguilederdnn ayn alu
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—C—Live bornn —o— WEI

101 - c E 64
10 - B
RO L 4
0.2
2 97 4 i w
= gy {abe il E
05 ot
i i
& 94 6k
93 -
03 - - 58
9.1
g 1 I I 1 jﬁ
35435 4550 3035 5560 60635 6.5-80
Growthrate (2100 2'd)

ca
=
=h.
w

v v
HAVBI0ATINM I3 WAL TAALTNIAADIUHMIIN 100 Alansy (GR) ADULIAATONVBL N (115N

AAa ' =2 P Ado o A o Yy A @ ' '
ANDANYIA) LASTSYSUITUNDIN U (WSID) MUY TN UNUMe T uLﬂfJ'JﬂuU],lllWlﬂﬁN

N (P > 0.05)
#131; Tummaruk et al. (2001°)

Y] 9

Tw A o 7 §
M3t Jowsgiugues s (Hughes, 1982) N3
g = 1 At o ' A v A \
Tarsavaazihmin _andn nsi Taduiieeigun
o i o N o
fu - nsminnInieell ussommmiems T uRug
Aa Ao v Y ' . f
nan _nsfitimiiniesndn King (1989) WU
Vv ¥
Wminauiieely 165 1 wannanumu lugiu
“UNae UWagouIumsan lv
L!Id @ @ @ 9 [
05 mdanuru ludu “unds adn |
[ a @ a1 1 =1 A @ o
JoFgiugiiondwazl ¥IsTonIMmMs  UWug
ANAEINH T “undawna @3990 3) (Tummaruk
a =T o VoY
etal., 2000%, 2001") WlunswiuegudIn a3 1
o I 9 A (a o [ @
fuvzdeadSualuiy ¢ vlusianieszau
& A a A o MY
MIUINOUNIZ WITDITNINTVOITZVY " URUT 14

(Kirkwood and Aherene, 1985) AUV UIUDI

@ o o 9 3 =] qy a o
Tosu “unde wnsolddudwiivadls s lviiy
A ' Y] o =& VA
7y wlusumeldssdunis  vaznuninnw
o o o @ o [

WIWUEAY WIT0AIMNIIMS DU luui _ nsdag
(Eliasson et al., 1991; Ten Napel and Johnson, 1997)
¥y 3 o A A o & =
woadldimiunmsdaaaen .0 19NANIIMUNDT
wssonw lumsniaauTa 19U GR uag BF @10
FUAY
Tummaruk et al. (2001%) WUNVUIAATONN
a 1 o 4 o
N5 MinalHade ¥ITDNMWNINMS  URUTveeY
{ < < ' 2 '
Jnsnmnnnasen@nas Tasandwazgan w3
AsnunasenvyuIalyg Johansson (1981)

. 2 da DA
WU 3 MAInaseniivalvgezivua
2 VA o s Vo A Y o =
@NNIUNe1Y 3 “Ua wazuAnIUUIIMINDY
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90 nlaniu Meudy ns NAMNNATENANVLIA
3 A a & Vo
@ mwved ns 1aleusnina unile1dsuma
AFTNUIN mwmaaﬂuman Nelson and Robison
(1976) WUN N3 nmﬂmmiuﬂmmmaﬂ 6 97/
AN way 14 @yAson TurNgAUNLIIUIUMT
1 = [ @ A I "o J
anluuaziivuaasenuanaieiuiio Tafluminug
v v
Tag nyngnidealuvinansen 6 ayasen N9
M3an 11NN TNUIUAITOUVINAI LAZIIUIY
AAa 1 d' d’l
qn AsusnAaealyIa _and1 ns 1ngmdealuy
ATENYIA 14 dy/msen MilnuIudseuluuagn
o I A Ve o
NN iufveuagnaedinizanas mlims
1985;
1997)
Y
WALIMIVOIFIDOUNEINN 30 TU UYDINTHINDI

4

2 o A a & vy R 4
Junuse NINNUDINAQN Fa1sLnouAleNUN

Wiy Tavesdirsougniing  (Dziuk,

Christenson et al., 1987; Knight et al.,

Tunagn 150113 msuanulasueimaiaz i
V933N (Christenson et al., 1987, Knlght etal., 1997;
Pere et al., 1997) ﬂsaﬂwuaﬂusﬂﬂaaﬂmwmmmu
WNINIUIUGNNBUINAABA 3 (Leenhouhers et al.,
1999) uﬂﬂmﬂ‘frﬁuumﬂi@ﬂﬁiﬁﬂjﬂzﬁﬂﬁﬁﬁmi
300904 N3 lugNgauNuazaamsiyanlaly
2000)

1 <3 o T W @ 1
08131578 NuIuMIanla sasIMITenveIdIeey

Gﬁamﬂuuﬁ'w (Hogberg and Rydhmer,

wazilsy “mEnInveanAgn 1W1T0D1ENOANII
ﬁuqﬂﬁn"lﬁ' (Bennett and Leymaster, 1989;
Rothschild, 1996; Johnson et al., 1999) N3 m‘?i
Rannudiiivinansenlngieen1@Sumsmenea
Bu “Ainadgesiaumaany msseavesiisou
uaz wITOMNYeINAgnIInINAIofuiy 1y
wal# 03 mitnnnasen vnalnajineziignan
A3 NANNATENVINAEN (Tummaruk et al.,
2001

Sduaseni 03 1udalunuhinadeving

12 [ A v JY A
ATDNUANAAAD UITDNINNIT DAUTAIUDU] VDI

Thai J. Vet. Med. Vol. 32 Supplement, 2002

1 9
N3 130 eguilon uus ldaTusn dasiman u
a [} I
Aauazszoznduunam W HudY (Tummaruk et al.,
b [l S 1 9 3 S o

2001") od1elsnaul nsfewsndneziidnsing
MBV0IQN NINOUHEIUN NI ATUN (Fahmy
and Bernard, 1971)

6. aduouy
U v oA Y9 Y o Ay o
wonvniateNnnanuveauualgaiilade
tﬂ' =~ d' = 1 1 1
U aninuNUnadevaasen ULl N3 19y
1 = T d‘d
JEOLHONDIN ¥ (WSD) Tagul ninlszes
] =4 v = 2
NN N 0-5 Ju Fvwensenluseudaly
Tvginawsl nsnll szozndunden § 6-10 Ju
(Tantasuparuk et al., 2000°; Tummaruk et al., 2000
uaﬂmﬂuamamwaﬂjamﬂmammmmmmma
Tunenss Tasmmehulszmemuadou (Tantasuparuk
et al, 2000" uanuNggna ilinaaevuianson
Tunamsdnmn (Keketsu et al., 1999; Tummaruk
et al., 2000") HAVYDINANIAAD NITOAINNNING
@ <
“iug 185051 3udaTas wdv nazaniz (2002)
@ A Y < = 1
anEAULVDI5AUTOU uazmMI I IMITANUNTINAAD
VUIANTONTFUNY (Clark and Leman, 1986; Einarsson
@ o
and Rojkittikun, 1993) TsANNIZUD DWUFUI
TsalNanoYUIAATEN LATOATINIGH WAA 1Y
Porcine parvovirus i8¢ Leptospirosis (Suwanchareon
and Kunavongkrit, 2000) Y199 “fqydnilszms fe
d o o 1 ?)/ 4
AN WYSAWNUTYOINO  NTLAZAUAINUNTD
A o oY a Y =
iWesninuaninan liudine nsazisudiuil
A a ' ' ~ a =
anduadevinansonluuy a3 (GUN 1) Imsanm
v v
WUl nIvaanduuigon ye luseuaeun
(repeat breeding) ﬁf‘lﬁ‘uumﬂi’aﬂiﬁt‘ljﬂ’jmﬂ qﬂiﬁ
W waalusevusnvasvauy lagmagtlseuin
A v
0.5 @/A30N (Tummaruk et al., 2001°) 1131 U9
Y
p1AAINuY nstiartdszezarnuninlums

o q 91 o ' a s '
mlisumenduunedly amin wysaindu a3
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A ; y . 2 A
MINN 4 vweasenlu AsNTHEIINMIH W (repeat breeding), WiSourouiumsn uasuAIAR

@ 4 o o 4
(non-repeat breeding)) 14 NIWufUauAIss (L) tag 803835 (Y)

Number of litters Total born Liveborn
L Y L Y L Y
Non-repeat breeding 7313 6484 11.1¢ 11.22 10.6° 10.42
Repeat breeding 620 670 11.74 11.6° 11.0¢ 10.9°

o w [ @

WM AI0NEIENNANAUL AIIANULANA1NeE T fRy: a MU b (0.05 < p < 0.01), ¢

d (p < 0.001)
A1 Tummaruk et al. (2001°)

> @ T [l SA 4

fgnw wlusounsanawnaun o1elsna unils

' Y ' A '

youni asmaribduud nsndidgwr  waz'li
a g) IS A o

wison waald uazmsw wrudumsminsiuu

o}y NQJ}LdeGluNﬁ]imiNa@ (non productive day)

un 51

2

flaverannnunuansnanovuIansen Iy

J A [

Asiusud 1dun siuguie 1eiug aduasen
9

a a
a

382IA89gN 5NN 1 tazsy TNTMNVeI N3 1

£ o 1 dyda a [ [ F2 1 %
mﬂmﬂmmumwﬁwammu% Waveaazadey
o

a1viiny Ay ldminule nsudaz 1edug
hdsfinsinsandiudylunsdinga asiugud o
AN WYIEiKSe NITOMMUEY A5 Milizgda
donwuiuuiiug 1wy sasimanTy@ula A
wn' v “unda nazvinanseni .3 i Tag
%’ayamdﬁxﬂuﬁaﬂa%ﬁmﬁuﬁmﬁﬁwﬁﬁmﬁmimw
mMsAnEIieaNmz wlumsdaden ns 17
naunu iy ammsides JsuazgiieIme

voulszme Inaduseanars iany uladude i

Y A
9N 1391303
[~} v Jd aw o [ 4 o
IWAY BITNINY IVY NUATNITNY WA ATSNIN

DITUN ﬂm??ﬁﬁﬂq@]. 2002 (2545) WaYD3
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Abstract
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FARM MANAGEMENT USING COMPUTER PROGRAMS:
AN IMPORTANT ACTIVITY TO BE URGENTLY DEVELOPED

Theuse of computer programsfor farm management isan urgent requirement. The database
must contain the real events and updates and should contain as much detail as possible. The
specification of the computer software must fit the farms status, as it is to be used for routine
work, such as, daily reports, weekly reports, monthly reports and other data analysisreports, which
will be used to solve problemson thefarmsand to achieve optimal farm development. Key factorsin
the creation of a computerized management system is its continuous use by all staffs dealing with

farm management and the improvement of these activities at all time.
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FIELD PERFORMANCE TESTING: HOW TO
ADJUST FOR VARIATIONSIN TEST WEIGHT

Nils Lundeheim

Abstract

Nils Lundeheim

FIELD PERFORMANCE TESTING: HOW TO ADJUST FOR
VARIATIONSIN TEST WEIGHT

In breeding evaluation of growth rate and car cass composition of growing animals, the weight
of the animal at test (end of test period) is a function of growth rate. Fast growing animals are on
average heavier at test. In thisreport, a concept for pre-correction of recordsfrom field performance

testing of pigs, to the sametest weight, is elabor ated and analysed. Pre-cor rection resulted in 20-25%
increasein theestimated heritabilities (growth rateand sidefat thickness), compar ed with no correction
or inclusion of the linear regression on weight in the genetic analysis. Also, pre-correction resulted
in less unfavourable genetic correlations between the two traits of interest. This study shows
the importance of correct adjustment for variation in testing weight when estimating genetic
parameters, and when performing breeding evaluation based on information from field performance
testing.

Keywords: Performance testing, genetic analysis, growth rate, sidefat thickness, pig

Department of Animal Breeding and Genetics, Swedish University of Agricultural Sciences, Funbo-L dvsta, 75597
Uppsala, Sweden
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Introduction

Field performance testing, focusing on the
growth rate and fat deposition of growing pigs in
nucleus herds, is today an important part of pig
breeding evaluation. Within most pig breeding
organisations, testing, i.e. measuring of fat thickness
and weight of the pigs, is performed only once
for each pig. For an individual herd, testing is
performed at intervals of 2-3 weeks, when a
technician is visiting the herd. A common basic
requirement is that the tested pigs must have
reached a certain weight to be tested and of course
there will thus be a variation in the testing weight
(above that minimum weight).

The ideal situation would be to test all
pigs at the same live weight, but since this is an

a a L4 o o a a
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impractical situation, a correction of the recorded
information to a constant live weight must be
performed. Very seldom are field performance
tested pigs re-tested, which makes correction to a
constant testing weight complicated.

As an example: two pigs (one fast growing
and one slow growing) were just below the weight
threshold at testing. On the next testing occasion,
the fast growing one will be heavier than the slow
growing one. The faster the pig is growing, the
heavier will it be at testing. Also, fat deposition is
generaly increasing with the weight of the pig.
Thus, the fast growing pigs will be fatter than they
should have been if testing took place more
frequent in the herd. Another factor which will
cause variation in testing weight isthat sincetesting
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is often performed pen-wise, some pigs that have
passed the weight threshold at one testing occasion
will not be tested until the next time the technician
comes.

This report will try to elucidate how this
correction to aconstant testing weight could/should
be performed, when the tested pigs are weighed
only once.

Materials

This study is based on analysis of two
separate data sets:

1. Fattening pigs (three-breed-crosses)
kept at the research station Funbo-Lovsta (Swedish
University of Agricultural Sciences). This data
comprises information on 500 individualsraised in
theyears 2000 and 2001, weighed every 2 or 3weeks
from birth until slaughter (> 105 kg live weight).

2. Data on ultrasonically tested purebred
Landrace (L) and Yorkshire (Y) pigs, extracted from
the Swedish pig breeding organisation Quality
Genetic's database. Performance testing took place
between the weights 85 and 130 kg. In total,
information on 19,347 (L) and 16,300 (Y) pigs,
born in 1999 and 2000, from 13 (L) and 14 (Y)
nucleus herds were included in the analyses.

Statistical analyses

Handling and editing the dataand phenotypic
analyseswere performed using SAS software (SAS
Institute Inc., 1989). The genetic analyses were
performed using DMU software (Jensen and
Madsen, 1994).

Data 1: Growth ratesfrom birth until 100 kg
were calculated (starting weight was set at 1.5 kg;
and for the final weight, the weight closest to 100
kg, within the range 92 to 108 kg, was chosen).
The pigsweregrouped in three equally sized groups
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according to this calculated growth rate (fast;
medium and slow). For these three groups, growth
curves were estimated, both for the interval
between birth and 84 days, as well as between 70
and 110 kg liveweight. The statistical model (PROC
MIXED) included, besides the random effect of
the pig, the linear, quadratic and cubic regressions
on the age of the pig.

For each pig, having at least three weight
recordings in the interval 80 to 110 kg, the linear
regression of weight on age in this interval was
calculated. As a second step, the regression of this
regression coefficient on growth rate from birth
until 100 kg was estimated. The results from these
analyses were used for pre-correction of growth
rate in data 2, where the pigs were weighed only
once.

Data 2: Genetic analyses were performed
within breed for the following traits:

a) Growthratefrom birth until testing (GR)

b) Sidefat thickness measured at testing
(FAT)

¢) Growth rate from birth until testing,
pre-corrected for any variation in testing weight
(GR_¢)

d) Sidefat thickness, pre-corrected for the
influence of testing weight (FAT_c)

The statistical model included the fixed
effects of sex (male/female), birth parity number
(1; 2; 3; 4+), birth litter size (number of piglets
born alive; -6; 7;.....16; 17+), herd-year-two
month-combinations (153 (L) and 152 (Y) classes)
and the random effects of litter and animal.
Three bivariate analyses were performed:

#1. GR and FAT

#2. GR and FAT (for both, the linear
regression on testing weight was included in the
model)
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#3. GR_cand FAT ¢

Resultsand Discussion

The average growth rate for the pigs in data
1 was 615 grams/day. In Fig. 1, the estimated
growth curves are shown for the three groups of
pigs (average daily gain: 677; 626 and 578 grams).
There would seem to be only minor differences
in the slope of the growth curves to around 100 kg
between the three groups of pigs. The average pig
gained 950 grams/ day in theinterval 80 to 110 kg.
There was a significant regression of this slope on
growth rates from birth until 100 kg: +1 gram per
gram/day. Thus, pigs with a growth rate (birth to
100 kg) of 50 grams/day above mean, grew on
average 1000 (950 + 50) grams/day in the interval
around 100 kg live weight.

Based on the above findings, a formula for
correcting growth rate to 100 kg testing weight
was constructed for data 2 [average growth rate was
for both breeds 580 grams/day; weight is given in
kg and ageisin days]:

GR_c=(weight-(weight-100)-1.5))/(age-((weight-
100)/(0.95+0.001* (GR-580)))

In words: the number of kg's between
actual testing weight and 100 kg are deducted or
added in the nominator, and the estimated
corresponding number of days these kg's would
have needed are deducted or added from the
denominator.

For sidefat thickness, an "ad hock" linear
correction was applied:

FAT c = FAT- (weight-100)*0.1
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In words: for each kg increase in testing
weight, 0.1 mm was deducted from the recorded
fat depth.

The percentage distributions of the tested
animals, by weight for each breed, are presented
in Fig. 2. It can be concluded that the magjority of
the pigs, for both breeds, are tested in the interval
85 kg - 110 kg, but even so 10-12% of all pigs that
were tested were above 110 kg.

InFig. 3, theaverage uncorrected growth rate
in relation to testing weight is shown. The linkage
between testing weight and growth rate is obvious.
The overall correlations between testing weight
and GR were +0.64 (L) and +0.54 (Y) and between
testing weight and GR_c +0.37 (L) and +0.27 (Y).
The corresponding correlations for FAT were +0.43
(L) and +0.39 (Y) and for FAT_c -0.01 (L) and
0.00 (Y).

The regression coefficients (analysis #2) of
GR on testing weight were very similar for both
breeds: +4.5 g per day / kg, and for FAT on testing
weight +0.1 mm/kg. For growth rate, the correction
performed by the inclusion of the linear regression
on the testing weight led to a double correction,
compared with the pre-correction according to the
formula presented above. Pre-correction resulted
in 20-25% increase in the estimated heritabilities,
compared with the two other aternatives that were
analysed. Compared with the bivariate analysis #1,
alternatives#2 and #3 resulted in less unfavourable
genetic correlations between the two traits of
interest.

This study shows the importance of correct
adjustment for variation in testing weight when
estimating genetic parameters, and when
performing breeding evaluation based on
information from field performance testing.
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Tablel. Estimated heritabilities, genetic correlations and residual correlations for / between growth
rate and sidefat thicknessin Landrace

Heritability
Analysis Growth rate Sidefat Gen. corr. Env. corr.
GR + FAT 0.16 0.28 +0.35 +0.47
GR + FAT (regr) 0.16 0.34 +0.29 +0.12
GRc+FATcC 0.19 0.34 +0.28 +0.13

Table2. Estimated heritabilities, genetic correlations and residual correlations for / between growth
rate and sidefat thicknessin Yorkshire

Heritability

Analysis Growth rate Sidefat Gen. corr. Env. corr.
GR + FAT 0.21 0.41 +0.43 +0.52
GR + FAT (regr) 0.20 041 +0.22 +0.18
GRc+FATc 0.25 0.42 +0.30 +0.19
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Figure 1. Increaseinweight by agein 3 groups of pigs
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Figure 3. Growth ratein relation to weight at test
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Abstract

John Deen” Suphot Wattanaphansak?
MONITORING THE GROW/FINISH HERD

Growing pigsarean integral part of any swine enterprise, yet the records are often of a lesser
extent and quality than that of the sow herd. It must be admitted that often grow/finish records are
more difficult to collect and assess. When we take the three classical production indices of growth
rate, feed conversion and mortality, the indices are often difficult to change. We propose that the
major indices are better listed as growth rate, feed conversion and attrition from potential output,
with the latter classification being made up of mortality, culls and pigs marketed below the
optimal marketing weight. When assessed in this manner, it appearsthat attrition of the grow/finish
population isa, if not the, major indicator of financial success.

To assess attrition loss, we need proper methods to identify optimal weights and values and
costs to reach those weights. The inability to maximize marginal revenues is a major impediment
in efficient operation of grow-out facilities.

Keywords: Grow/finish, records, growth, variation.
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2Faculty of veterinary science, Chulalongkorn University, Bangkok, 10330 Thailand.
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Introduction

Grow/Finish records are an odd category of
recordswithin swine production. We know that they
are very important. We know that good grow/finish
performance is amajor factor in being competitive
in this industry. Nonetheless, we find that in many
cases grow/finish records are only given a passing
emphasisin creating aproper monitoring system for
the modern swine farm (Whittemore, 1998).

Why is this the case? Many people have ar-
gued that thereislittle information to be gained out
of agrow/finish record-keeping system. We consider
this rather myopic asit isamajor area of variation

[y 1 < a o
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between farms and if this is the case then we must
start measuring different things. As we examined
the use of grow/finish records in the industry, we
found that in many casesthiswastrue. Grow/finish
records have been mostly used on a retrospective
basis and planning of afacility has only been based
on a poor understanding of historic performance.
When we examine the requirements for good grow/
finish performance, we came up with the following
threerules:

¢ Theéefficient useof inputs. We consider themajor
inputs, more particularly variable inputs, to be



]
A

1YY 17 @wwng N 32 avuiiay 2545

simply feed. Thus, feed efficiency hastoremain
amajor concern for monitoring. However, feed
efficiency, we have found is relatively stable
within the same diet. In our hands the major
predictors of feed efficiency changes are
increased mortality rates, increased marketing
weights and poor feeder adjustment. We should
be ableto monitor and adjust our estimates based
on the first two and weed out those farms that
are doing poorly with the latter.

o Capacity utilization. We consider the other fixed
inputs to be labor and facilities and therefore,
we want to insure that the capacity is used
efficiently. Thus, planning the introduction of
pigs and looking closely at optimal turnover is
an important part of grow/finish management.
Nonetheless, we can not make it the primary
purpose as it has to be considered within the
realms of the other constraints in the barn. We,
thereforefeel, that in many cases, maximization
of output, especialy pounds per square foot, is
an ineffective measure.

o Improving the quality of the pigs so that profits
are maximized. This sounds intuitive and yet it
is rarely examined by the grow/finish record
keeping system. Too much of our time is spent
in cost minimization when in fact we should be
looking at areas that improve profitability. This
is not an intuitive area and thus, increases the
complexity of grow/finish records.

95

In informal surveys, we studied swine pro-
ducers records for their growing pigs. A fraction
had accurate estimates of daysto market, fewer had
estimates of feed conversion, yet most could estimate
their sowsreproductive performance. It appearsthat
in comparison to reproductive records, we lack a
good definition of the growth process on many
farms. Thisisof concern asmore money isspent on
growing the pig than it takes to wean it. Most
consultants also agree that it is growing pig
performance that isamajor predictor of the profita-
bility of the herd, unless it is under-inventoried
(Holtkamp, 1999).

On most farms, growth records are not
refined adequately to define, firstly, significant
changes in grower productivity. Secondly, reports
based on these records are not detailed adequately,
to define the interrelationships to the same extent
that we are capable of performing, on reproductive
record-keeping systems, such as PigChamp®.
Thirdly, many record-keeping systems are
susceptible to bias, such as a reduction in feed

conversion as marketing weights decrease.

Descriptive Estimates

In most cases, the basic estimates recorded
are average daily gain, average daily feed intake,
mortality rate, morbidity rate, facility throughput and
cost per unit gain. If these are not provided, it is
possible to create rough estimates based on the
recollections of the producer. Without this basic
information, it isdifficult to go forward. If thereare
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problemsin certain areas, it is possible to do further
analysis either by collecting further information or
by setting up prospective data collection to measure
theeffect of certaininterventions. Thisofteninvolves
weighing pigs and feed, which is another factor
inhibiting further analysis. A breakdown of
methods could be as follows:

1. Mortality and morbidity rates. Of course,
pathological and clinical examination of affected
pigs is needed, but even more, an examination of
If the
mortality can be graphed against the age of pig and/

the patterns of mortality is often useful.

or the calendar date, patterns of mortality can be
defined and precipitating circumstances are often
seen. In many cases, mortality is associated with
seasonal changes in temperature or certain periods
that may coincide with feed changes or increases
in competition within the pen (Maes et al, 2001).

2. Average daily gain. Again, it isbest to
graph average daily gain against the age of the pig
and also compare average daily gain with and
without theinclusion of mortality and culls. In many
cases, average daily gain does flatten out at
approximately 70 kg liveweight. Thismay reflect a
number of combined occurrences including
respiratory disease and crowding, as well as feed
changes. The average daily gain is often best
compared separately between barrows and gilts to
ascertain that both genders are being affected
equally.

3. Feedéfficiency. Eventhoughfeedisthe
major cost in our grow/finish barns, we often have
a poor handle on its utilization. Feed efficiency
changes over the life of the pig, with drastic
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changes occurring in certain genotypes. This is
especially important to evaluate, as we consider
increasing carcass size. Feed wastageisdifficult to
measure and yet always worthwhile. Seasonal
variations in feed efficiency are also important to
monitor, as using pig feed to keep them warm is
expensive under most rearing regimes.

4. Average daily feed intake. Though this
indice is relatively easy to monitor in al-in:all-out
barns, it isjust beginning to be used as an indirect
measure for pig growth and pig health. We are
beginning to use load cells under feed bins to get
day-to-day measurements of feed disappearance.
This has been quite successful in predicting
grow-out performance.

5. Fecility throughput. The number of pigs
marketed per pig space per year is a good measure
of the efficient utilization of the facility and the
capital required. Clean-out regimescan be compared
and monitored.

6. Feed costs per pig. This measurement is
a combination of feed costs and feed efficiency. It
isastrong indice to use to justify the minimization
of feed costs and can be calculated relatively easily
if other indices are already cal culated.

7. Quality and thus the value of the output.
Most of the costs of quality that have been seen at
this point have been the cost of not conforming to
packer specifications. Unfortunately, these are
most often estimated in retrospect.

When we combine these different variables
into a profit model, there are three main areas for
controlling swine production. Though we can
emphasize thefeed costs, it is only when we control
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feed conversion that there is adequate control
(Losinger, 1998). We can also emphasize average
daily gain, but improved average daily gain must
allow better facility utilization and throughput
(Deen, 2000). Finally, it isthe quality and the value
of the output that should be examined more closely.
In our emphasis, we have grouped those pigs that
have grown slowly and thus are at a light weight
at marketing, with mortality and those that were
culled at an earlier stage (Brumm, 1995).

Figure 1 showstheresultsof an analysisina
large Midwestern American system where we
examined 104 closeouts. Welooked at the conversion
rates adjusted for mortality, average daily gain when
culls and lightweights are not included, and then
grouped mortality, culls and light weights together.
We justify this grouping as the causes appear to be
quite similar, centering on disease and the inability
to compete. Based on this analysis, the mgjority of
the variations in profitability per group, is in this
latter category. This is important to emphasize, as
in many cases, it is average daily gain and the
conversion ratio that have received too much
attention and it is the quality of the output that
should deserve more attention (Deen, 1999).

This type of quality problem is called a
conformance quality concern. Of course we
understand the lack of conformance and the costs
of mortality. These are opportunity costs of lost
output of the valuable product. It is because of the
light weights and culls that we often underestimate

the losses due to nonconformance.
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Figurel. Components of variation of profit
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Thefirst step isto estimate the value of pigs
at different weights. Figure 2 showssuch an estimate
based on marketing records from an American
production system. These value curves will differ
from system to system and country to country but
inevitably exhibit thefact that smaller pigsareworth
less money. This curve is across different weights
at aset base price ($0.45/Ib). This can be estimated
by historic performance or an accurate model of
carcass characteristics. In this caseit is based upon
the estimate of backfat vs. weight and the grade and
weight penalties. The smoothed value curve takes
into account the inaccuracies of weight and carcass
characteristics using a normalized average with a
standard deviation of six pounds.

A more useful method of viewing Figure2is
asmarginal valuecurves, asshownin Figure 3. This
shows in better detail the need for smoothing asthe
raw marginal value curve is difficult to interpret.
Marginal valueis simply the added value of the pig
for each additional pound of gain.

Once we have an accurate measure of
marginal value, we can calculate the marginal

40

Non-conformance loss

Sort Loss per Pig ($)
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Figure4. Lossfunction estimates
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profit, provided we have a good estimate of the
marginal costs. In most cases the only significant
marginal cost is feed. With a good estimate of
marginal feed conversion, a marginal cost curve
can be estimated, as shown in Figure 3. In this
figure marginal value minus marginal costs equals
marginal profit. The optimal time for marketing is
when there is no more profit to be made or when
marginal value equals the marginal cost.

Sort loss occurs when the pig is marketed, at
less than or greater than, the optimal weight. If the
pigissold a alight weight thereislost opportunity
to gain the marginal profits shown in Figure 3. If
the pig is sold at a heavier weight there are actual
lossesin value and additional costs. The cumulated
costs create the non-conformance curve shown in
Figure 4, note that such alossis substantially more
than the classical sort loss, as defined simply by
the demerits charged by the grading grid.

We define the classical sort loss as those
losses due to demerits from the packer. There are
also losses due to the fact that pigs are sold at light
weights, where additional gains are made simply
becausethevalueincreasesfaster than the feed costs.

It isthusour argument that greater focus must
be placed on the slow-growing and poor doing pigs.
Itisan areathat has led usto emphasize the quality
of pigs at entry and improvement of their growth
performance. However, the most important factor,
in our opinion is that the records reflect the true
losses that can be experienced by the farm. Best
estimates of sort loss and lack of conformance are
needed for proper financial management of the
farm.
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Abstract
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THE IMPACT OF CROSS-FOSTERING ON SWINE PRODUCTION

Cross-fostering is a technique used in swine management systems to reduce preweaning
mortality rates, increase growth rates and reduce weight variations in litters. However, extensive
cross-fostering and moving piglets from one litter to another throughout the lactation period, can
decrease both weaning weights and growth rates. To avoid these impacts, limited cross-fostering
during the first few days of life, usually 1-3 days, should be applied. The weak and small piglets
at birth should have special care and enough colostrum intake before cross-fostering is perfor med.

Keywords: cross-foster, piglets, weaning weight, growth rate.
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Introduction

Two of the major aims during the suckling
period are to reduce preweaning mortality rates and
increase piglet bodyweights at weaning. Greater
weaning weight allows piglets to grow more
predictably during the nursery period. This article
focuses on the small pigletswith low birth weights.
Birthweight is a key factor for piglet survival and
growth. It ispositively correlated with survival rates
and weaning weights. Heavier piglets at birth have
higher survival rates and weaning weights at
wesaning thanthe smaller ones (Neal and Irvin, 1991).
These results are consistent with those reported by
Gardner et a (1989) who compared the surviva rates
of pigs weighing less than 0.8 kg and birthweights
of 2 kg or more. They found that the smaller piglets
had a32% survival rate, whereasthe larger ones had
a97% survival rate. Piglets with alow birth weight
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mMarhni@es, wansenwy, gn 03, minudiuy, dasmsanle

were unable to compete with their larger siblings
in getting enough colostrum and milk. Thisyielded
not only ahigher risk of mortality and slow growth
before weaning, but also resulted in high mortality
and slow growth during the nursery period.

In farms with successful reproductive
management, sows produce a large number of live
pigsat farrowing. However, if the numbersof piglets
do not match the number of available teats, or the
sows do not have enough functiona teats for the
piglets, there might be problems. In addition, too
large a litter size can also influence the piglets
survival rate. Stewart and Diekman (1989) reported
that piglets from smaller litters (6 piglets per sow)
had ahigher survival rate and reached market weight
at 105 kg, earlier than those from larger litters. This
research also supports the concept of standardizing
the litter size after farrowing.
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Cross-fostering is a strategy widely used in
swine management to deal with preweaning
problems. The purpose of cross-fostering is to
increase survival rates and weaning weights. To
accomplish these objectives, the first important
activity is matching the number of piglets with sow
capacity. This requires matching the number of
piglets in the litter to fit the number of functional
teats. The second important activity is grouping and
adjusting the size of pigletsin thelitter to minimize
any variations in birth weight. This requires one to
move 15-20% of the lightest and the heaviest
piglets from each litter (Straw et al., 1998°).

Many reports showed that cross-fostering
can increase survival rates in piglets (Marcatti,
1986; Neal and Irvin, 1991), especially for the
smaller piglets. Marcatti (1986) reported that piglets
with birth weights less than 0.8 kg had a mortality
rate when cross-fostered of 15.4%, while piglets
of asimilar birth weight but not cross-fostered, had
a mortality rate four times greater, being about
62.5%.

The pattern of cross-fostering, in practice, has
had various alternatives for where piglets should
move and how they should be placed. Some
researchers recommend that the stronger piglets
should be fostered to new litters because they can
tolerate the new environmental stress better than
weaker piglets (Neal and Irvin, 1991), but it
depends on farm management and policy. In large
scale sow herds, the care of new born piglets is
under the judgment of trained caretakers. It is
important to educate workers to understand the
criteriathey should follow when making adecision
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on cross-fostering piglets. The format often
practiced in farrowing units, is either continuous
cross-fostering throughout the lactation period, or
limited cross-fostering which would occur only
during the first few days of life.

In continuous cross-fostering, piglets are
moved throughout the lactation period. Older
piglets are moved to the younger litters to equalize
weights at weaning. In North America, fostering
older pigletsisnormally practiced. Straw et al. (1997)
reported that 98% of farms used cross-fostering
techniques and 40% of the fostered piglets were
moved after one week of age. The expectation of
continuous cross-fostering is to create a uniform
body weight within litters by moving piglets and
maintai ning beneficial effectsin term of growth and
survival rate but Straw et al (1998%) contradicted
this belief. A positive result from continuous
cross-fostering was reported by Cutler et a. (1992),
when transferring individuals piglets back to
younger and smaller litters. On the other hand,
adverse effects from this procedure in growth
performance and mortality rate, have been
reported in many studies (Straw et al., 19987 Robert
and Martineau, 2001; Wattanaphansak et a ., 2002).

Under the limited cross-fostering style,
piglets are moved only at 1 or 2 days of age. The
reason is that the first 2 days after birth is the most
convenient time to rearrange the litter since, at this
time, piglets have not firmly established their teat
order. Theteat order is set up during the first 2 days
and isrelatively stable after the first week. 1t would
not be proper to transfer piglets to a litter after 3
days post-farrowing, since the teat order is
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established by the original residents and unused
glands will have dried up (Straw et al., 1998

Cross-fostering and pig performance

To maximize benefits, piglets weaned per
SOw per year are an index that is increased by the
application of cross-fostering techniques. However,
overusing this tool can also lead to a reduction in
performance. Straw et al. (1997) demonstrated
that excessive cross-fostering decreases growth rate
by 20-25% in fostered piglets under a continuous
cross-fostering regime. Thereduction of litter weight
variation was not attractive if it is associated with
stunted growth of the piglets. The slow growth not
only affected fostered piglets but also affected
resident piglets. The growth curve of transferred
piglets dramatically decreases when compared with
the resident piglets. However, the mortality rates
between the limited cross fostered and continuous
cross-fostered piglets were 8% and 8.8%
respectively and not significantly different.

Current research has shown a negative
effect of continuous cross-fostering, as it may
createlightweight pigs at weaning. Wattanaphansak
et al. (2002) has described that only cross fostered
piglets and those less than 1 kg at birth, were the
main risks for becoming a lightweight pig at
weaning (less than 3 kg). The growth performance
isalso shownin table 1.
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Tablel. Comparison of growth performance
between non and cross-foster groups.
(Wattanaphansak et al., 2002)

Parameter Non cross-foster Continuous cross-foster

Number of 565 1018
piglets

Light weight 6.1 18.4
at birth (%)

Average birth 14 14
weight (kg)

Light weight at 8.9 26.0
weaning (%)

Averageweaning 4.2 37
weight (kg)

Weaning age 16.5 16.6
(Days)

Average Daily 1719 148.4
Grain (g)

In this study, continuous cross-fostering
created a higher number of lightweight piglets,
amost 3 times as many, when compared with non
cross-fostered litters. Lightweight pigs at weaning
experienced higher mortality and slower growth
during the nursery period (Larriestra et al., 2002).
The cause of lightweight and stunted growth of
cross-fostered piglets may be due to aggressive
fighting between adopted and resident pigletswhen
accessing teats. As a result, the amount of milk
consumed may have been limited (Robert and
Martineau, 2001).

The normal behavior of sows and pigletsis
changed after repeated cross-fostering. Robert and
Martineau (2001) found that the sows became more
aggressive toward foster pigs, which is shown by
the snapping incidence. The sows look restless and
often show nervousness which disrupts nursing,
by standing up or sitting, before milk letdown. The
nursing intervals were also significantly lower in
foster sows.
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In addition, the behavior of adopted and
resident pigletsalso changed. Cross-fostering altered
the teat order system in the litter. Normally,
suckling piglets develop their own teat on the first
day of life and suckle the same teat until weaning.
When piglets establish a stable teat order,
competition among siblingsisdecreased (de Passill?
et al., 1988). When cross fostering is undertaken in
the herd, fighting between adopted and resident
piglets occurs. There is much more fighting and
squealing while the sow takes up her milking
position as the piglets wish to get the new teats as
soon as possible. A high number of body and face
lacerations were noticed in foster piglets, which
increases the risk of skin disease.

Principlesand practice of cross-fostering piglets
These 10 principles were developed by

English (1993) for successfull cross-fostering:

1. Prepare piglets for fostering: Let the piglets
have enough colostrum from their own dam.
Thisisnecessary for piglets may haveto move
to a sow that has farrowed 1-3 days before
receiving her new piglets.

2. Foster promptly: After ensuring pigletshave got
enough colostrum, they should be transferred
immediately.

3. Bekindtosmall and weak piglets: The smaller
and weaker populations should be the first
group of concern. If the caretaker thinks that
the weak piglets should be left with the
original sow then movethe strong ones. Onthe
other hand, one should only move the small
piglets to new litters that have a similar birth
weight and a small litter size, when the
original sows are not suitable.

4. Assess the rearing capacity of the sow when
deciding on fostering: Evaluating the sow
capacity means that the sow should have
enough functional teats for all piglets when in
her nursing position.
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Even up birthweights within litters by
cross-fostering: In larger herds, adjust for
pigletsbirth weight by cross-fostering between
thelittersand ensuring that the smaller onesgo
to the docile sow with fairly slender teats of
medium length and at the proper height,
suitable for feeding the smaller piglets.

Use suckling behavior to guide the fostering of
older piglets: When sows farrow overnight,
piglets may be 8 or more hours old before
transfer can take place. Suckling behavior
of piglets should be another criterion for
fostering. Piglets which can not establish their
own teats are the first candidates for fostering.
However, if asmall pigletin alargelitter, hasa
stable suckling position, it is a good idea to
leave them with their siblings.

Make arrangements to have a surplus of
newborn piglets: In case of excess piglets or
agalactic sows, the largest newborn piglets
should be fostered to sows which have good
milk production and have farrowed about 1
week previously. To make room, the 1 week
old litter can be fostered to docile and milky
sows (nurse sows) that were weaned at the
normal stage. Leave one or two of the smallest
of her own piglets for up to 24 hours, to help
the new litter get established.

Colostrum sharing can be done soon after
birth, for piglets in very large litters. For
instance if there are 17-18 piglets in a litter
and no recipient sows available, it is
impossible to let all of the piglets suckle at
the same time. The largest 7-9 piglets should
be placed in awarm areafor 2 hours, to allow
the smaller piglets to sucklefirst.

Cater for ill-thriving piglets in older litters:
Piglets which are ill-thriving in older litters
because of malnutrition, rather than disease can
be fostered to newly farrowed sows. It is
necessary to ensure that the older piglets are
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matched in size and strength with their new
littermates.

10. Unused mammary glands take 3 days to dry
up: Surplusnewborn pigletscan be successfully
fostered onto sowswhich havefarrowed within
3 days. In this case, the stronger piglets are
moved, leaving the smaller ones with their
own dam.

In summary, to succeed in cross-fostering,
the worker should be trained to apply the best
procedures for the herd. Cross-fostering
protocols should be monitored and evaluated
by using data analysis (Cruz et al., 2000).
Transferring piglets is not a good idea in all
situations. The plans may well depend on the
farm management system and herd health
status. The more concern that is shown to the
small and weak piglets, the more successful it
will bein cross-fostering. Wait until the piglets
get adequate colostrum after birth and then
move them as soon as possible, preferably
only once.
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THE INTRODUCTION OF PORCINE
REPRODUCTIVE AND RESPIRATORY SYNDROME
VIRUS (PRRSV) SERONEGATIVE REPLACEMENTS

INTO PRRSV-SEROPOSITIVE HERDS
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Abstract

Dachrit Nilubol*? Brad Thacker?

THE INTRODUCTION OF PORCINE REPRODUCTIVE AND
RESPIRATORY SYNDROME VIRUS (PRRSV) SERONEGATIVE
REPLACEMENTSINTO PRRSV-SEROPOSITIVE HERDS

The Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) status of a herd
dictates how PRRSV-negative replacements are introduced into a herd. In a herd free of PRRSV,
the PRRSV-negative replacement can be readily introduced after a 21-day isolation period followed
by 21-days of acclimatization, which isto ensure the PRRSV status of the replacement pigs and to
expose them to other organisms that might exist in the herd. In a seropositive herd with or without
PRRSV circulating, the PRRSV-negative replacement cannot be readily introduced. The PRRSV-
negative replacement must be acclimatized by exposing them to the her d-specific strains of PRRSV
in order to develop immunity. The introduction of PRRSV-negative pigs without acclimatization
may lead to an outbreak of PRRS due to transmission from chronically infected sows. Prior to their
introduction into the breeding herd, they should have recovered from theinfection and ceased virus
shedding. If a herd, positive for PRRSV, has the virus circulating, it is suggested restocking ceases
for 4-6 months, to achieve endemic levels of PRRSV (herd stabilization). Once the herd starts
weaning negative piglets, then restocking can resume. In a seropositive herd with no virus
circulating, it isnot recommended to readily introduce PRRSV-negativer eplacements. Theherd must
be evaluated for virus transmission by using sentinel pigs. If sentinel pigs remain negative, the
negative replacement can be introduced. In contrast, if the sentinel pigs seroconvert, those pigs
should beremoved and the process started over again.

Keywords: PRRS, Gilts, Serum profile, Replacement
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Introduction

Since its first emergence in the late 1980s,
Porcine Reproductive and Respiratory Syndrome
Virus (PRRSV) has caused a significant economic
impact on the swine industry worldwide. It has
become increasingly established that it is econo-
mically advantageous to maintain herds free of
PRRSV. Therefore, several management protocols
have been used to control PRRSV with varying
degrees of success. Those protocols include total
depopulation followed by repopulation with
PRRSV-free replacement pigs (Andreasen et a.,
1998), partial herd depopulation such as the
depopulation of entire nursery units (Hassing et .,
2000), the testing and removal of infected pigs
(Deeet al., 2001) and total herd vaccination with a
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modified-live PRRSV vaccine (MLV) (Philipsetd.,
2000). Temporary herd closure has been used to
control PRRSV as well (Torremorell and Baker,
2000; Torremorell et al., 2000). This protocol
involves closing the breeding herd to any new
replacements for an extended period of time to
permit the cessation or a significant reduction of
virus shedding, followed by restocking the
breeding herd with PRRSV-negative replacement
pigs.

PRRSV-negative replacement breeding
stock with the proper acclimatization prior to the
introduction into a herd is the key to control of
PRRSV from infected herds. The introduction of
PRRSV-negative pigs without acclimatization
may lead to an outbreak due to virus transmission
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from chronically infected sows. The introduction
of PRRSV-positive replacement giltsinto aherd is
not recommended. Precaution is advised because
these pigs might be viremic upon arrival and serve
as a possible source of PRRSV to other pigs.
Moreover, they could potentially introduce other
strains of PRRSV that are antigenically different
from existing strains. Intramolecul ar recombination
between two distinct strains of wild-type PRRSV is
possible (Yuan et a., 1999). Such recombination
could potentially result in the emergence of astrain
of increased virulence. In such cases, cross
protection between strains may not exist and new
PRRSV outbreaks may occur in farms that have
been previously exposed to the virus.

The PRRSV status of a herd dictates how
PRRSV-negative replacement breeding stock
should be acclimatized properly prior to their
introduction. PRRSV-negative replacements can be
readily introduced into PRRSV-negative herd
after they have been in isolation unit for 21 days
followed by 21 days of acclimatization to ensure
the PRRSV status of incoming gilts and to expose
them to other organisms existing in the herd
(Harris, 1999). If aherd isPRRSV-seropositivewith
or without the evidence of actively circulating
virus, then PRRSV-negative replacements should
be properly acclimatized. In addition, the utilization
of PRRSV negative semen and a strict biosecurity
program should be in place. The introduction of
PRRSV-negative replacement pigs into PRRSV-
seropositive herd can be accomplished by using
the steps described bel ow.

Assuring the health status of PRRSV-negative
replacement breeding stock

Replacement breeding stock should be
obtained from herds free of PRRSV. Upon arrival,
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pigs should be housed in an isolation unit for at
least 21-28 days prior to starting the acclimatization
procedures. The pigs should be tested serologically
for PRRSV antibodies. Thisisolation period alows
time to monitor the source of the replacements for
any evidence of PRRSV and is necessary to avoid
receiving pigs incubating the virus. In addition, it
prevents the introduction of other organisms that
might exist in the source herd or contaminate pigs
during transport. Ideally, theisolation facility should
be located on a site away from the breeding herd
(Dee, 1997)

Acclimatization of PRRSV-negativereplacement
breeding stock prior to their introduction

Acclimatization is the process of exposing
replacement pigsto farm-specific strains of PRRSV
and allowing time for pigs to recover from
infection. The recovered pigs would expectedly
develop strong protective immunity against
PRRSV and stop shedding virus. Immune pigs are
protected from being re-infected with the same
strain of PRRSV (Lager, 1997).

The acclimatization stage is located on the
same site as the herd and its goal to expose
replacement pigs to the herd-specific strains of
PRRSV as well as other bacterial and viral agents
(Dee, 1997; Harris, 1999). The acclimatization
process is initiated by the feeding of tissues
infected with farm-specific PRRSV and/ or
exposure to infected pigs from the nursery or
finisher areas. The use of cull sows with recent
clinical manifestation of disease could be a poor
choice since they might not be shedding the virus
(Dee, 1997). The duration of the acclimatization
process is flexible and can range from 60-90 days
(Harris, 1999).
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Introduction of PRRSV negative pigs into a
seropositive herd with circulating virus present

If aherd seropositive for PRRSV also has a
high level of PRRSV circulation and/or PRRSV-
positive weaned pigs, then one can anticipate
continued virus circulation in the herd if PRRSV-
negative replacement pigs are introduced directly
into the herd without appropriate acclimatization.
These PRRSV-negative pigs will perpetuate
recurrent problems related to PRRS. Therefore, the
flow of breeding stock replacements may need to be
stopped for approximately 4 to 6 months to
achieve enzootic levels of the PRRSV (note: this
is generally referred to as stable herd). The
introduction of these replacement is similar to the
method used to introduce transmissible gastroen-
teritis virus (TGEV) negative replacements into a
TGEV-positive herd (Harris et al., 1987; Harris
and Wiseman, 1989).

In a PRRSV-positive herd with circulating
virus present, PRRSV-negative breeding stock of a
wide variation in agewill need to beintroduced into
the breeding herd to provide replacements for the
next 4-6 months of production. The entire herd is
immunized by natural exposureto thevirus. The herd
is then closed to any replacements for the next 6
months. An off-site breeding project is utilized to
avoid production losses. Pigletsare weaned off-site.
Serological tests and polymerase chain reaction are
used to monitor the PRRSV status of weaned pigs
from the sows. Once the system produces negative
weaned pigs, then the next restocking will follow
the steps described in the next topic. On a one-site
farm, grower pigs may have to be removed from the
production system for several weeks to eliminate
circulating virus because they are a potential source
of PRRSV.

In addition to natural exposure, Phillips
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et al. (2000) has proposed using MLV in a mass
vaccination scheme, including PRRSV negative
stock after their introduction, to immunize an entire
herd. The herd is then closed to replacements for
6 months. As the herd became immune, it started
to produce PRRSV-negative pigs. If MLV is used
as suggested, it should not be used again.

Introduction of PRRSV-negative pigs into a
seropositive herd with no circulating virus

In a closed population, a herd seropositive
for PRRSV would eventually become negative for
the virus and start producing PRRSV-negative
weaned pigs. This scenario is often referred to as a
PRRSV stable herd. In these situations, it is based
on maintaining sufficient herd immunity to avoid
clinical disease in the sow herd. The following
steps should be followed: (1) growing pigs are
removed from contact with the sow herd; (2) no
pigs recently infected with PRRSV are used as
replacements for 4 months (production loss can be
avoided by breeding PRRSV negative replacements
off site); and (3) modified live vaccines should not
be used in the breeding herd or in the system. Once
the PRRSV-seropositive herd becomes negative for
virus and produces PRRSV-negative piglets, the
guestion then is when to start restocking with new
replacementsfor the breeding herd. In thissituation,
PRRSV-negative replacements cannot beintroduced
into the herd even though there is no evidence
of virus circulating. The recipient herd must be
evaluated for evidence of virus transmission.
A straightforward method to determine if aherd is
free of PRRSV isto introduce alimited number of
PRRSV free replacements as sentinel pigs. Pigsare
allowed interaction to occur for at least a month
and then sentinels are tested serologically. If they
remain seronegative for PRRSV, PRRSV-negative
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replacements can be introduced into a stable herd
after they have been in the isolation unit for 21 days
followed by at least 21 days of acclimatization to
exposethem to other organismsexisting in the herd.
A clear area of separation between existing pigs
and the new incoming replacements should be
established. Personnel movement between both
areas should be prohibited. Seropositive sows can
be removed through normal culling practices
(Henry et al., 2000).

If the replacements seroconvert, remove
them from the herd and extend the herd closure for
another 30-day period. Following removal, new
sentinels must be reintroduced again to start the
process over.

Exposure of PRRSV-negative isowean pigs as a
source of replacement breeding stock for herds
seropositive for PRRSV

Many producers have been using MLV to
expose isowean pigsto PRRSV whileinisolationin
order to introduce replacements with a degree of
immunity to PRRSV. |sowean pigs (approximately
21 days of age) are obtained and held inisolation to
assure negative statusfor PRRSV. At 8 weeks of age,
MLV isadministered. The pigsare held inisolation
until breeding age. In this situation, the sow herd
may or may not have circulating PRRSV. This
methodol ogy hasworked very well in many systems.
However, more research is needed to verify and
substantiate this method as a reliable approach for
the introduction of PRRSV negative replacements
in seropositive herds.

A recent paper from Torremorell et al. (2002)
suggested that it is possible to introduce PRRSV-
positive replacements into a PRRSV-positive herd.
PRRSV-negative weaned pigs were produced
from those systems aswell. In the study, two groups
of PRRSV-positive replacements were housed

together in the acclimatization areafor 70-100 days,
bred in an off-site finisher and farrowed in a
separated facility. Piglets were weaned at 5-7 days
of age to off-site nurseries. Of the 31 batches of
weaned pigs, three batches 2, 4, and 6 weeks after
birth were positive. Inthe acclimatization area, there
was no feedback or commingling with infected
pigs. The authors believe that it is crucial to hold
these gilts in the acclimatization area for a long
period, to alow pigsto develop solid immunity and
stop shedding the virus. More investigation is
needed to verify the virus status in this system
before it can be accepted as another strategy for
restocking the herd.

Conclusions

PRRSV-negative replacement breeding
stock are becoming more readily available even
though the majority of herds in the U.S. are
seropositive for the virus. The introduction of
replacement PRRSV positive animalsinto aherdis
not recommend. In most situations, it is preferable
to utilize PRRSV-negative pigs as replacements in
seropositive herds. In a herd negative for PRRSV,
PRRSV-negative replacements can readily be
introduced. In contrast if a herd is positive for
PRRSV with or without the virus circulation,
then negative replacements should be properly
acclimatized, to become immune against the herd
specific strain of PRRSV, prior to their introduction.
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Abstract

Boonmee Sunyasootcharee” Mongkol Techakumphu?

PORCINE INTESTINAL ADENOMATOSIS (PIA COMPLEX) AND
PORCINE PROLIFERATIVE ENTEROPATHY IN PIGS

An account of Porcine Intestinal Adenomatosis (PIA) complex is undertaking, based on the
experiences of the authors and areview of the literatures. The article includes epidemiology of the
disease, both in Thailand and in foreign countries, the nature of the disease, clinical signs, pathology
and immunology. Diagnostic methods are also reviewed including their sensitivity and specificity. It is
concluded that chronic forms of PIA are more common than acute hemorrhagic forms which are
commonly seen in stressed young gilts and sows. The economic importance of PIA is rather
underestimated in Thailand.

Keywords: Porcineintestinal adenomatosis, PIA, PPE, porcine
Department of Pathology, 2Department of Obstetrics, Gynaecology and Reproduction, Faculty of Veterinary Science,
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*Corresponding author

1 = == 2 = = 7 = = I 07 7 7 = ) [
MAIMENTINE *MAIN Gm - A3 151FINeazINNMs” VI Az AIUNNem A3 9WansaiunInae Unauiu
NFUNN 10330

‘FalguSuRareuunanu




Thai J. Vet. Med. Vol. 32 Supplement, 2002

UNAALD

A o I kS o 2
YYN YN 39157 WA AFENIN

15a Porcine Intestinal Adenomatosis (PIA Complex) #ag Porcine
Proliferative Enteropathy (PPE) Tu Rik]

A 2 A A X < a2 . .
SIMOINMINAsuIunnlss umsalazmsnsIaen 15MIINMsvedlsn Porcine Intestinal

Adenomatosis Complex *30Mi38n 11 15n Porcine Proliferative Enteropathy (PPE) MeniuszINAINeNg

Tulszmalaguazmaszma dnvazvedlsn 91ms wensInemazduyuing 15a PIA complex Jauuy

acute 1az chronic forms ue ey chronic form wulu ns 1suez psnaliedanzniea I

vouniluuuy acute form #in asomsmeniluden Tsn PIA Tullszmalaglasumsiszdiunny Wgma

wsughadmnnanuniuais

o

o L
i ey

unin
15A Porcine intestinal adenomatosis (PIA)
< o w a =
complex 1uTsn 1Agyves nsytanta 1u2ans
9
1Ae9 _NUeI0INTM 1A U.S. National Pork Producer
o IS { o o % § @
valdidulsan vgyniclundaveslsanldsy
Ay ulawnil amsizlinanuasygnaaoudig
4

VINABNTLAEY D3 (Veenhuizen et al., 2002)

A S ' =

iosnnlsa PIA Hemsieuazseslsah
3 Y o
Zﬂvl (?l']\?ﬂuvl'ﬂ@nilﬁ$EJ$!'J@1!LZ1$'F]’NN§QHLL§QGUE]\ﬂiﬂ
=3 o Qldd' ~ 1 @ ] . . .
%Wlﬂm\l"h'm’ifjﬂﬁﬂ‘] NULBU Porcine proliferative
enteropathy (PPE), Garden hose gut disease, necrotic
enteritis, hemorrhagic enteropathy, regional ileitis or
regional enteritis, terminal ileitis, proliferative ileitis
uaz/w?ﬂ PIA complex

1 [ dtﬂ' =) 1 % 1) 1

L!,(ﬂUl?J’NﬁW?J“]J”fJLiEJﬂ@]']QﬂuE]fJ'lQ]li nnnauy

a Ao o Ao ny A v oA A
21M3viisen Isan Wﬂﬂluﬂﬂ1|l IMYDUNY AD YD)

Porcine intestinal adenomatosis, PIA, PPE,

Rik

) Y3 [ =\ [ ]
a'1%an udaie (@193119 UVed colon U
Y o Y ' v @ a
dunazal” cecum 379wA28) M1 Tawnaan
A 1 1
MIAnRLUANS 8 YD Lawsonia intracellularis ¥9
wumelu crypt cells ﬁumlﬁauﬁfl ¥ L. intracellularis
a 9 ¥ < k2 9 aa '
wason i ldmuldTaensdon ey 15U
. . A o dy Ao IS
Warthin starry stain UATIFoRIHvzlanEazdY small
short curved or straight-rod EJQJ:@S]}TL! apical ends U®J
I a s
crypt epithelium 8109 crypt 1iugiaenaviiag
[©9150U) WRUNGUUDA L. intracellularis 95OV
NV Crypts
=< E% S a A
daudlsn PIA wzfulsamuaueinisn
o w 12 Ao k)
WYved N3 uallsanlanvazadiwlsn PIA 1u
v Jd [] o oy
239199 1wy Tu “adiluung asgna hamster (Frisk
and Wagner, 197 7) NYUIN (Vandenburghe et.al.,
1985) lu ™ aiAuio 1 umw@ﬂ (Eriksen and
Landsverk, 1985) lu “a3nuily 19w 91 (Duhamel



]
A

1YY 17 @wwng N 32 avuiiay 2545

v A A
and Wheeldon, 1982) Tu “ainnriiafinainun
udrdedu ynsreazwuseslsai e PIA
fio proliferation U®J intestinal mucosa UdL WU
intracellular bacteria ﬁﬂd\lﬁ)ﬂ}lﬁwﬂéjw Lawsonia
v J a 4
intracellularis 910N5NAADI U “AINAADIULALN Y
#8733 in situ immunostaining (/6¢ DNA analysis Y
v
uud 13 u¥e Lawsonia spp. $@eINU 1150
o a v J a
mlfinalsnldly “adnateviia (McOrist and
Gebhart,1999)
A d
QUAN I
T3 PIA complex wu'ldsaTan Ts1ea1u
mswululsemeen w3@e wadey usI%Fa LALIM
s o ~ s s s s 2 A
AU HTUA N30 nusesuaus lesuaua tingln
a A s 4 =) Y a [ a
wzuaua Iuaua 9wlsmla  Aau 83ngy ewsm
o [ = @ A Y o
wSvluweFeaz Jueonwulu qiju 1dwiu uaz
Ing (Rowland and Lawson, 1992) uaziszaai
1 I
$osaz 30 vous nilundazilszmmilulsa PIA
a 1A aa I a
wazluomwSmuund 0amsdulsa PIA ¥iia acute
2 2 s o '
hemorrhagic enteropathy tinAuluvhsy ns delni
i A
naeuiluszuuga mnssun DD multisite system
(Winkelman, 1996)
Tsa PIA Hswwnuludsemelneanuiunds
3/’ 1= v Ad a o
fanll 2528 (ANNT uazAmy, 1985) Lay (I5INY
1
wazame, 1985) uadumssieanumsnulinluy
4 1 1 3 A [ 1 o
Whsummzuiavinin whinsudahiidgla 519
1 3| 1
anugnved linediuduszunluaindieg  lu
' o YA
Uszmalng uaninms evow “aumnddiFerny
k) 1A o/c:d? o
am _nsveslne wudiilsa Pla giavumaliyn
o 1 RS
maveslszma msnulsa PIA asnasinduuuy
acute hemorrhagic enteropathy Tu LD naunu

v o

Y 4 A A~ = ] [
HassuWsuYSe JDIUNNUNIZIATYA 1FU NOU
v

W?ﬂﬁﬁﬂﬂa@ﬂ TAgNInuAIZL A9DINITOELHAD
3

Ysmann yatudoa A (tarry feces)

115

msugiamsaivedlsa PIA lu ninds
' A ' o S &2 o I
WeNnIe nsyuaeeny 4-20 et guimilu

a a
9
I

' Aa =) 1 1 A [ ) @ o
“]f’J\WlllIiﬂ“Ll“]gﬂ !LG]?J1ﬂ']iﬂ']ﬂlﬂu!ﬁﬂﬂulllmuﬁh'ﬂ N

TuTmsAnYITeiULIN AN ILDINTANYINAD

4
= 5]

Tu asmaitieslidnvuzadionulsaniaau
’01141'5514@] %Y 150 salmonellosis W39 swine

|
dysentery Hudu

¥R
1m@1"’ll’é)ﬂi f PIA A0 Lawsonia intracellularis
£ aa ' A sy 3 9
FauunuaniFegluna asanie ldwedanties aw
YUK30I387 Nvuia 1.25-1.75 x 0.25-0.43 lupseu
I
uaziu obligate intracellular bacteria wulu
o <
proliferated crypt epithelium cells voa 'l 1anlag
F
@M Y ileum se8l3Avadlsa PIA wuiuasa
usnly qﬂiiﬂﬂ Biester and Schwarte 1143] 1930 u@
2 A s & Py
wnsamnzasare luyadimiziaes 1d1ag Lawson
et al. (1993) Faviwnude 63 1l L. intracellularis
9 9 v
13 wnsamng@eslduuemsiaes Wesssuan
1 a a =) 4
blood agar u@ wnsonIavTa’laa luaading
Y
183 (cell culture) (¥U IEC-18 910 rat enterocytes
(Lawson et al.,1993) %50 IPE-J2 #aldu191n
enterocytes UB3 T (McOrist et al.,1995)
ag ~ a A a d" 9 4 A
ATMINUUANToFUALIVUYAA VDT
a1” adwdu obligatory intracellular bacteria 119
¥iA 1¥U Rickettsia spp MINA0ININLDLIT Y
meluyad enterocytes 1t lahdesends preformed
triphosphate w?mmdqwﬁwuﬁuq VDY enterocytes
TumsnTaauTa (McOrist et al., 1995)
=3 9
uanaudazwuseslsaveslsn PIA lu ns
F
I [ =
iWunsasnluil 1930 (Biester and Schwarte, 1931)
Aaw uadeluiidla w1s0asI9NY intracellular
bacteria 16 311141 1974 Rowland tlazamz 13139

9
n wﬂﬁW‘]Jmliﬁaljﬂ proliferative intestinal lesions WAy



116

a . . ' =2 Yy Y
4 intracellular bacteria ﬂgjﬂﬂﬂﬁﬂﬂym’wﬂaﬂﬂ
Ia an Qy {
%Qa’ﬂiiﬁuf]Lﬁﬂ@]iﬂullagiﬂﬂﬁ‘ﬁﬂ1igﬂh%ulﬁ@ﬁ}’]ﬂ
 silver stains UNFUA 1¥U Warthin starry stain
Tugls51 (Smith et al,1996) Wy ninaa
Y k4
10 L. intracellularis W30 VUIFDOONINADYA
o Yo A o &
qﬂﬁﬁﬁﬂﬂ1ﬂ1ﬂiﬂl°ﬁﬂﬂi$ﬂ1m 13-70 YU LAzl
v
na am%iuya qﬂﬂﬂﬁl’ﬁm’i polymerase chain

reaction 9 1¥HaAVIN

\l
M3nelsn
13 a v J
Tsa Pl wnsom e ldly “adnaasa
& A A
Taomstlow¥e L. intracellularis n3otlowigoy
o 1 § 3| o a 3
ml” a3 wndulse dldinalsaldneluy ns
Unani lnsinnuldelsa (conventional susceptible
E
pigs) llag qﬂiﬂaﬂm%ﬁ] (gnotobiotic pigs) Tunsal
2 2y = 2 A A A G
nitdasa¥eiidesinistlowsonuaiisonilu
normal gut flora aniﬁaumiﬁauﬁ’w pure
Y
culture ‘U?NLGAH?J L. intracellularis (McOrist et al., 1993;
McOirist et al., 1994)
Tﬂﬂﬂﬁ‘ﬂﬂ 2UAINEAN 1T DN Uintracellular
bacteria MAZWEIF ANWKI0IP815AUDY PIA 0
Y
a'l” nsnaaes 8-10 Ju ndamsilewde uagsoo
Tsalianuiuuse 4 ansewmudanlszunm 21 u
naamstlon lu nsndmulninldmanesdenar
Y
foo02 50 Y09 NININNAL AIBINITNDITNNAT
Y
@ 4
mstleuderlsyana 2-3 “Ua1H (Mapother et al.,
a 1A ' 3
1987) gn namaluifihdelsa  wnsadulsa
Y Y
W88 18500 L. intracellularis Taenaeimstlie
7-14 U (McOrist et al.,1993)
& vo & . .
o n3lAsu¥e L. intracellularis 91UN5N
Awdn crypt cells veawaya ] “uagiinisuiada
' Y
saztunuuunvunelulelanar vvousad

= o Y 1w 4
nagiinnu wsam N crypt cells uisdaliiseoe

Thai J. Vet. Med. Vol. 32 Supplement, 2002

= Vo R 2 an o aa
Taghifimsun@ (maturation) #3ITMIAuVARSY
9

o [ S W @ ]
WA crypt cells T wnso Tadwdelatidsluiigla

, q A4 A o yuy o &
nswuduey ualun aweyml “srwundiuuin
fueedI18a1la19e WY thickened longitudinal LAz
transverse folds (corrugated mucosa) Tagmmizi

. ' & o &
ileum uareFailuanvauzvesliail

\/
91msie
p1msthevedlsa PIA lu nsll 2 dnwug
Fa
A9 LUVIRBUNEY (acute form) 1AL LUVI5039 (chronic
v ]
form) uuTesuinnuldtesn a wazinnulu
] [ ] ] @ o
nsvanaangun Tasmwiz lugeey 6-20 “Uani
@5z 7-60 Alansw)
v F
uuu3esa 01msvedlsa PIA uvuise3e
P
fdaudegedeuanunyae “unaeinsitelild
Y Y =2 A day ' '
gnAuUMs 1A AU HANTINDI5Ie WoY uA
' < o = doyysd .
pg 1 lsnamnniegiisoslsnnarl “an " ileum
(chronic proliferative enteropathy) 91MINBIT
2 I T [
(diarrhoea) 1NYU081909U (mild to moderate
degree) yarmad “Und mwlerndes uaze1ns
9 v o "o AA o Y W v
nossnginaznuaudalunsainar’l “lva u colon
= 9 1 @ A o 9
fisovlsndre  nitheundzlidnyuznen Mg
¥ v
uy (slab-sided pigs) 1119991n15A PIA LUBIT054
Tu nsyu Tusrenbin asermsiessveduauda
Ad Aaan % a a o
Bnadsvildlumsinsandanzylsn Ao M3
A
AoATIMssyAnIa (ADG) HazdasImsuantilo
(FCR) g lldumsasrameimsthelidae
v
msont wmIesaweslsn PIA Tu nsuned
o Y o Y 3 ' A o a 491’ A A
vzmldar ] ”ian "undn wiRailemsiiboy
oY ¥ o o A oy ¥ o q ¥
'l *wdou lldumsnundrveudeyal “un vl
oy Ag o <y a3 .
m1” wniulsaldnyazudsnd1enein (hose pipe
v
gut, necrotic enteritis, regional ileitis) STARNISRIRIATEVRIY

o ¥ Y A ' 9
%um"l nNeqQUas NINEAIYDINITIYDYFDINDI



]
A

7T 17 wwng U7 32 avuWiae 2545 117

sUN 1 Tsa pa Tu ns 1 aedhuden

Y

d‘ o { I @ 4 3 <
s 2 @11%n ns nidedudes Tideasen uazlimsnudveudoyd’l” (mucosa) 1y

longitudinal folds ATRE S TRNT]



118 Thai J. Vet. Med. Vol. 32 Supplement, 2002

ﬂd' . A o vlg;q' o = A 2 .. - R
un 4 AUVBAUYBYATL NUUINT (ATY) b AUYDLUUANLIY Lawsonia intracellularis 1 apical ends Tu

laTanar woq hyperplastic crypt epithelium (Warthin-Starry stain)



]
A

1YY 17 @wwng N 32 avuiiay 2545

ont U (perforation peritonitis)

2 [ Y @
HUUIRPUNAY (acute form) ATIVINAVLUY

2
A o

15059 acute PIA sinnuly nshilergunnin Ae
@ [l Vo A
Wnwulugieery 4-12 wouniolu nsudiugidl
1 IS a2
019 1-2 1 Tasu avemamemadeenu s
S A = A A o
un yamaaﬂﬂu UAdNIe A1 (black on tarry
d‘ U A v a v A
feces) (31N 1) _n31rgazlianyuziINiaEavd 910
a ] % 1 v 3
Az lanaeednnuazinge 1A NAINAIY
) ] = 1 I 1A
MeormsFanedamed himeidwaea wsiznd
A ' ° Y] A A
oavonegguuslual” Und nshu aserms
o ' A A A < 2 2
anvazmauaeaniadaninilszuanTaniia
e Tu nsneslasnndnuiegnrdsnini ag
21M3nelu 6 U (Beers,1984)
A &K o o )
sndluisesaunedievezmieninlsald
a @ < @
Tag N3z 90 1MsUnd 4-10 “daninda aq
1 Y 1 1 A Y a
oxmsthedimni il lsnduunsndou  nseziu
a @ a a I a
913 IddnAuazdasimsniady Tnvziulnalu
1 1 @ | '
naden uAuNA101Msvee Isnvziiude liau
4
1 ] @ . ~
501909 9l59ai (28-30 “Uad) _nswaniiaz
) ) £ a v? o
Tadn vazldnawnniuninlndniieg ldummin s
T5eai1 imsane 13Tlsa pIA sgvhld nsthela
#aslas ADG azanaddeiooaz 6-20 way FCR
) & = = o a
WWINIUIBEAT 6-20 Honlseumauny nilnd
(Gogolewski et al., 1991)

aa >
MSIHINY
aa o ] I as A
msInmelsa PIA e1auaeentiy 2 I5de
1. 735 “unna1n15138 (Clinical obser-
™ ' { o <
vation) M3 “unaeIimsthe nsidlulsa PIA 1Wu
ad dl y ) ] d
Bmsnldwaliuiuen Teomwizlu ns@nuaz
NIYUAL AI9ININEITI Felinsaioyamad
a A A £ oA g AN 1o
wapansam Fadelueimsnlusumy mig

1 ' ) ' Y, A '
DINITINDITINAINATI 'lll']iﬂW‘UllﬂsluIiﬂﬂu‘] LBU

119

a I 1 [l
T5A salmonellosis W3oliayniaon 1Wudu uavd
lsAnmdrernmstessrannlu ns 1uer aniiug
AlieMImiemaInuILINN Ya~ MKuITeAInd AI3e
9
o 1 A 1 1 g 1
p1msananil ‘adiuiluermsveslsa PIA ee1g
wmnTagninnuluniznsea 1wy N3 119
o 9 4 ] A ' k) 9 Y A
JutivhsulvuvSouy nsguneslnanasanso
naInanA
2. MsasameReaiams  wsoui
panidlu 2 ¥iiafe
2.1 N15A5IVHAI _NIAIEKIONIS
) ~ v 1 @ asdas v
U a5 M3nn 1) Hudulshnan auazly
AN A (gold standard technique) Tumsaiiane
Tsa P1a Tu _nsluilegiiu sz linagndes Uszda
1 1 < @
mldaeios uazsias Tasldnaszana 2-3 Su
F 1
naImssu _asmnminiuez ldwansnsiai unso
9 v
fudulsaiild Taserdenisasivviiseslsaini
o doyyd ' =~
anvazueelsn PIA fiarl”1an ileum utlate @
A o A o 9 @ ~ o v g
Hanvuzigoym | “mund U7 2) nazsihmsdamy
A 9 1
Fuwdea’l” uivindinanuyly 10% buffered
formalin ¥4 12-24 %219 udnhunidalumsailu
v 2 & Y Y .
nazdauilon 5-6 lunasou oudls™ hematoxylin
. 9 Aa A a 1] .
1aY eosin LAZYON WIABNIIYNIT  Warthin-Starry
silver stain” 9¢ 1W13OWY intracellular bacteria A®
. . < I A A 1 A
L. intracellularis HiuIunnanGegluninsinie
TAsee "M lulaTanar u "u apical end U0 crypt

epithelium (319 3 1oy 4)

a A

2.2 msdadelsa PIA lu nsndad
aAa A g o v A . .
BIN qﬂimﬂuisﬂuazmmu active lesion NIYD1)

REC o A& Y )
a'l “inezlimsduidoesnmiuya M13asI9N1aRHoa
Uuiamstidemsen 2



120 Thai J. Vet. Med. Vol. 32 Supplement, 2002

d‘ a
MINN 1 MIATNININTIH15A9N _NTA0

as
BN s0813n/Ma
o - v S oy v Y A
Necropsy - myndvedan ] “1an ileum  uane @wnuna]l” colon uAUNT
cecum)
Histopathology - hyperplasia UBJ crypt cells 7 "uawue9 ileum, inflammatory cells Tu

laminya pryopria necrotic cells 1 crypt lumina

Special stains - SouFwiilo ileum ﬁwmﬁaﬁ’aﬂ Warthin-starry silver stain %39 modified
Ziehl-Nelsen stain 1A81IRW1Z Warthin-starry stain 95WULDANTeUUN
(rod-shaped) summéﬂmm?aiﬁlwmﬁnﬁ'@ﬂiu apical ends U®Y crypt cells
R hyperplasia vinAuUATIGelsz 1.25-1.75 x 0.25-0.43 lunseu

PCR (ileum mucosa) - fuasasns19m L. intracellularis Ananu’a i Qmﬁmﬁﬂuﬁ’u IFA uag
Warthin-Starry stain 112 11303539 PCR 9104 1N512 natheueda lidn
1% L. intracellularis 3097000 0Y

d‘ aa o a wva a
M3 2 Msasedinelsa PIA madesdjiamslu nsiiiia

35mMIns0 #0819 (specimen) HIITIA)
PCR* Yo ngsE ¥ L intracellularis-specific primer
IFA** ya ng - Specific hyperimmune rabbit serum
- Specific anti L. intracellularis monoclonal
antibody
IFA 3N -
ELISA**%* ya ng - Whole bacterial antigen

*Polymerase chain reaction

**Immuno fluorescent antibody technique ﬁé’ﬂdniﬁmm%umﬂh PCR Tag wnsavenlan qﬂilﬂﬁlaﬂ
2

1¥0 L. intracellularis N1AoUM30 3] (Knittle et al., 1998)

***Enzyme Linked Immunosorbent Assay
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PORCINE RESPIRATORY DISEASE COMPLEX
(PRDC)
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Abstract

Eileen Thacker! Roongr oj e Thanawongnuwech?®
PORCINE RESPIRATORY DISEASE COMPLEX (PRDC)

Respiratory disease has an important impact on swine producers worldwide. A disease
pattern has emerged that has been designated as the porcine respiratory disease complex (PRDC).
PRDC is a common term for pneumonia in finishing or fattening pigs caused by a multifactorial
etiology. This article focuses on three major swine respiratory pathogens, including Porcine
Reproductive and Respiratory Syndrome virus (PRRSV), Mycoplasma hyopneumoniae and swine
Influenzavirus (SIV) and their interaction. Several control strategies are discussed.
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Introduction

In recent years, a number of emerging and
changing pathogens have been found to be
important in the development of porcine respiratory
disease complex (PRDC). PRDC is economically
significant for pork producersthroughout the world.
PRDC is characterized clinically by slow growth,
decreased feed efficiency, anorexia, lethargy, fever,
cough and difficult breathing and iscommon in pigs
around 10 to 20 weeks of age. Because PRDC ishot
caused by a single organism but is multifactoral
the pathogens isolated from pigs vary between
and within production units (Dee, 1996). The three
pathogens most commonly isolated from pigs with
clinical disease consistent with PRDC at the lowa
State University-Veterinary Diagnostic Laboratory

o [ a 19 9 o A 4 4 tﬂy % ] o Y o 1
M ey Tsaszuumeaumeladudoulu ns 1 fiersersio edleTawar 11 Ty ldnialng

(ISU-VDL) include Porcine Reproductive and
Respiratory Syndromevirus (PRRSV), Mycoplasma
hyopneumoniae and Swine Influenza virus (SIV).
Other pathogens such as Pasteurella multocida,
Actinobacillus pleuropneumoniae, Streptococcus
suis, and Haemophilus parasuis are a so important
in the induction of pneumonia associated with
PRDC. Pneumonia associated with Porcine
Circovirus type 2, the cause of post weaning
multisystemic wasting syndrome (PMWS) is also
increasing. Similar scenarios have been observed
in Thailand. At the Chulalongkorn University-
Veterinary Diagnostic Laboratory, Bangkok,
Thailand, PRRSV and M. hyopneumoniae were
the most commonly isolated pathogens from pigs
showing disease consistent with PRDC. In addition,
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over 50% of viral pneumonia found at the Thai
diagnostic laboratory in the last three years
(1999-2001) was attributed to PRRSV (Pirarat
et a., 2002).

Porcine Respiratory and Reproductive
Syndrome Virus (PRRSV)

The emergence of PRRSV in the swine
population resulted in significant changes in the
health status of pigs throughout the world
(Zimmerman et al., 1997). PRRSV is often
considered the most serious pathogen to the swine
industry. In addition, the emergence of porcine
circovirustype 2 and new strains of swineinfluenza
virusplay aroleintheincrease of respiratory disease
associated with pig production. Other well-known
organisms, such Mycoplasma hyopneumoniae,
Actinobacillus pleuropneumoniae, swine influenza
virus, Haemophilus parasuis, Paster uella multocida
and Streptococcus suis remain problematic.
Understanding how each of these pathogens cause
disease hel ps to understand the strategies needed to
control their impact on the pig's respiratory system.

Although the shift to intensive production
systems occurred at the same time that PRDC
appeared as aserious health concern, the emergence
of PRRSV canbeequally correlated with theincrease
in respiratory disease in many swine units. PRRSV
isavirus that first emerged in the United States in
1987, Europe in 1992 and in Southeast Asia
sometime in the late 1980's to early 1990's
(Zimmerman et a., 1997). Research performed in
Thailand by Damrongwatanapokin et a in 1996
demonstrated that in Thailand, the virus resembles
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the North American strain of PRRSV, more than
the European strain (Damrongwatanapokin et al.,
1996). Subsequently, both strains were commonly
isolated from PRRSV infected herds throughout
Thailand (Thanawongnuwech et al., 2002).
However, since much of Southeast Asia has
historically and presently imported breeding stock
from both North America and Europe, the presence
of both strains of PRRSV is likely to be common
in many countries.

Respiratory disease induced by PRRSV can
vary from clinically non-apparent and mild to
acute, severe pneumonia characterized by labored
and increased rates of breathing, lethargy and fever
(Halbur et al., 1995). No cough is observed with
PRRSV infection alone. Diagnosis of PRRSV is
carried out by serology, virus isolation or
demonstration of the virus in lung tissue using
immunohistochemistry. Although seroconversion
to PRRSV israpid and typically observed within 7
days of infection, the initial antibodies are fairly
ineffective and the virus can remain in the blood for
up to 150 days ( Meier et a., 1999; Allende et al.,
2000). Neutralizing antibodies appear in the
serum a minimum of 35 days after experimental
challenge.

PRRSV has a predeliction to infect macro-
phages (Thanawongnuwech et al., 1997). PRRSV-
infected pigs are usually susceptible to secondary
bacterial infection especially with Streptococcus
suis due to the destruction of macrophages
(Thanawongnuwech et al., 2000). In addition, an
important factor in disease associated with PRRSV
is the ability of the virus to mutate or change its
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genetic makeup (Meng, 2000). By changing their
genetic appearance, the immune system has to
constantly recognize the virus as a foreign one and
develop the tools to control and destroy the "new"
invader. Each time the virus changes, the immune
system must recognize the "new virus', which
provides time for the virus to replicate in the host,
thus ensuring its survival. This makes the ability
to control PRRSV using the immune system
difficult.

Mycoplasma hyopneumoniae

Mycoplasma hyopneumoniae, one of the
smallest known bacteria, is the causative agent of
enzootic pneumonia. M. hyopneumoniae infects
the epithelial cells lining the respiratory cells.
M. hyopneumoniae attaches to the cilia of the
epithelial cells of the respiratory tract resulting in
clumping, damage and loss of the cilia (DeBey
and Ross, 1994; Young et a., 2000). Cilia are an
important mechanism used by the respiratory tract
to moveforeign materials up and out of the airways.
The loss of the cilia is thought to be important in
the increased incidence of secondary bacterial
infections associated with M. hyopneumoniae
infection. In addition to the damage to the cilia,
M. hyopneumoniae also induces inflammation
and affects the immune system of the respiratory
2001).
M. hyopneumoniae prevents the immune cells

tract (Thanawongnuwech et al.,
from recognizing it as a foreign invader, resulting
in it's persistence in the respiratory tract of infected
pigs. However, as M. hyopneumoniae alters the
immune system to ensureit's survival, the organism
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also changes the immune response to a number of
other pathogens such as PRRSV (Thacker et al.,
19999 and P. multocida (Amass et al., 1994).

Clinical disease associated with M.
hyopneumoniae infection alone, is minimal with
only a mild, non-productive cough being typically
observed. Dueto thelocation of M. hyopneumoniae
on the cilia in the airways, it is difficult for the
immune system to respond to the presence of the
organism. As a result, serology is a poor tool for
diagnostic purposes. Seroconversion to M.
hyopneumoniae is extremely variable, often
occurring 4-10 weeks after infection (Thacker et .,
2000°). Culture of the organism is difficult and
impractical. Other diagnostic tools such as
immunohistochemistry and PCR are becoming
more common, however the significance of
identifying the presence of the organism is often
unclear. Due to the difficulties in diagnostic
testing, the contribution of M. hyopneumoniae
on an individual pig basis can be difficult to
determine. However, if the herd is positive for
M. hyopneumoniae and has significant respiratory
disease, the organism should be considered a
major factor in the induction of pneumonia.

Swine Influenza Virus (SIV)

Although SIV is commonly isolated from
pigs with PRDC and seroconversion is common,
its role in the complex is not clear (Thacker et al.,
2001). SIV is a virus that infects the epithelial
cellsthat linethe airways of the pigsrespiratory tract
and lungs. Infection of these cellsby SIV resultsin
death and loss of these cells. However, these cells
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can regenerate quickly and if infection with SIV is
not complicated by other organisms, the virus is
quickly cleared from the respiratory tract (Thacker
et al., 2001). This can happen in as few as 5 days.
Oncethevirusis cleared from the respiratory tract,
the epithelial cells quickly regenerate. There is
minimal cross-protection between the different
subtypes of SIV, al of which cause respiratory
disease. Clinical signs typically associated with
SIV include fever, lethargy, labored breathing and
coughing. Diagnosis of SIV istypicaly based on
serology, which is typically rapid, or the detection
of the virus through immunohistochemistry on lung
tissue. While virus isolation can be performed,
samples must be collected early in the infection as
the virus can no longer be isolated after the first
7 days. Increasingly, PCR is becoming available
for the diagnosis of SIV (Choi et a., 2002).

Interaction Between Pathogens and
Control Strategies

Much of the importance of PRDC is due to
the interactions between pathogens. As the number
of organisms and pathogens increase, the severity
of the pneumoniaincreases. However, the presence
of PRRSV, M. hyopneumoniae and/or SIV appears
to be important in inducing the conditions in the
respiratory tract conducive to the development of
PRDC. Under field conditions, pigs infected with
both PRRSV and M. hyopneumoniae, frequently
exhibit an increased severity of pneumonia. In a
study designed to investigate the effect the timing
of infection had on the severity of disease associated
with these two common respiratory pathogens, it was
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found that the presence of M. hyopneumoniae
increased the severity of PRRSV-induced
pneumonia. No matter when pigs were infected
with either pathogen, the clinical disease and
pneumoniaweremore severe (Thacker et al., 1999?).
This study demonstrated that M. hyopneumoniae
is an important co-factor in potentiating or
augmenting PRRSV-induced pneumonia. In a
second study, it was found that infecting pigs with
both M. hyopneumoniae and SIV, increased the
severity of pneumonia and clinical disease
associated with theinfections (Thacker et al., 2001).
While the pneumonia induced by infection with
M. hyopneumoniae and SIV was not as severe or
dramatic as that observed in pigs infected with
M. hyopneumoniae and PRRSV, the relationship
demonstrates that the interaction between these
common respiratory pathogens is significant.
The findings of these studies demonstrate that
understanding the interaction between the various
pathogens must be considered if effective
intervention strategies are going to beimplemented.

Because PRDC is not caused by a single
entity, being a multifactorial disease, pathogens
isolated from pigs vary between and within
production units. This variability in pathogens, in
addition to the differing times when the pigs are
infected, makes control of PRDC difficult and
frequently frustrating. Vaccination plays an integral
role in the control of PRDC. Successful immu-
nization for the control of infectious diseases
depends on numerous factors including the passive
immune status and pig age, the environment
conditions in which the pigs are housed, the
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condition of the pig's immune system, how well
the vaccine induces the appropriate immune
response and the potential impact of other
pathogens on the host. These factors require the
development of individual vaccination programs
for each farm. The cause of vaccine failurewithin a
system is often unknown and our basic under-
standing of the pigimmune system, whether humoral
(production of antibodies), cell mediated, systemic,
local or mucosal is often incomplete. Under-
standing the immune response, necessary to control
a pathogen, as well as the mechanism by which
disease is induced and the presence of other
potential factors that interfere with mounting an
effectiveimmune response, isrequired to determine
the optimal timing and use of avaccine.

Vaccines for many of the pathogens
associated with PRDC are dependent on deter-
mining both the pathogen and its specific serotype
or subtype. This makes the use of many of these
vaccines on awide scale basis difficult. Individual
production systems often reguire specific vaccines
for the control of respiratory disease. It isnot in the
scope of thisarticleto discussall potential vaccines
that can be used to control respiratory pathogens.
It has been determined that the use of a M.
hyopneumoniae vaccine can be an important tool
in the control of PRDC (Thacker et al., 2000°).
M. hyopneumoniae vaccines are bacterins
consisting of inactivated organisms or their
components. Protective immunity induced by
vaccination has been demonstrated, however
protection against clinical pneumonia is

incomplete. Immunization may induce the
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production of serum antibodies but provides
minimal local protection against the initial
infection and is only slightly effective against
colonization. Induction of serum antibodies by
M. hyopneumoniae vaccine tends to be slow, with
seroconversion commonly occurring 2 weeks
after the 2™ vaccination. Frequently no serum
antibodies are detected following vaccination with
aone dose product. No correlation has been found
between the presence of serum antibodies and
protection against clinical disease (Thacker et al.,
2000°). After vaccination, serum antibody
levels decline in the absence of infection and pigs
frequently become seronegative 4-6 weeks
following vaccination. Following infection,
vaccinated pigs will demonstrate an excellent
memory response to the organism for at least 23
weeks, with antibody |evel s becoming much higher,
compared to non-infected, vaccinated or infected,
non-vaccinated pigs. This pattern of serological
response can be used to confirm that the herd is
actively infected with M. hyopneumoniae.
Research in our laboratory has suggested
several possible explanationsfor decreased efficacy
(and potential failure) of M. hyopneumoniae
vaccines. A recent study by Dr. Brad Thacker at
lowa State University demonstrated that maternal
antibodies are somewhat protective against clinical
disease, as demonstrated by reduced pneumonia
and coughing in young pigs at 3 and 6 weeks of
age (Thacker et al., 1998). However; the presence
of maternal antibodies inhibited the development
of both the local and systemic immune responses
by the pig and did not decrease the number of
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organisms in the respiratory tract (Thacker et al.,
2000%). These results suggest that while the
presence of maternal antibodies may protect
against pneumonia in young pigs, the inhibition of
the immune response may simply delay the
development of pneumonia. Further studies on the
role of maternal antibodies on M. hyopneumoniae
vaccine efficacy are ongoing in our laboratory
(Thacker and Thacker, 2001). In one study, sows
never exposed to M. hyopneumoniae were
vaccinated to induce maternal antibodies. Pigs
from these sows showed no decrease in vaccine
efficacy when vaccinated in the presence of
maternal antibodies. Differing results have been
found in the presence of naturally induced anti-
bodies and sow vaccination. One study found that
sows, which had been naturally infected with
M. hyopneumoniae and vaccinated appeared to
decrease vaccine efficacy, while a second similar
study showed no inhibition of vaccine efficacy.
It appears that the level and type (vaccine induced
versus naturally induced antibodies) of maternal
antibodies may affect their ability to decrease
vaccine efficacy. High maternal antibody levels in
offspring from naturally infected sows may resultin
areduction of M. hyopneumoniae vaccine efficacy.
These studies suggest that while the presence of
maternal antibodies may be somewhat protectivein
young pigs, their presence may not be beneficial.
Herds with extremely high maternal antibody level
suggest that the sow herd may also have high
numbers of organisms. This will in turn infect the
pigs at a younger age and appears to contribute
to an increase in respiratory disease in pigs.
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Vaccinating the breeding herd on a regular basis
does not appear to be an effective mechanism for
controlling mycoplasma pneumonia. Repeated
vaccination of sowsresultsin extremely high levels
of maternal antibodies, which may affect the
efficacy of mycoplasma vaccination of the pigs.
Testing pigs at the time of vaccination to determine
maternal antibody levels may assist in determining
both the status of the sow herd in relation to
M. hyopneumoniae infection level as well as
maternal antibody levels.

Theability of M. hyopneumoniaeto increase
the severity and duration of pneumonia induced
by PRRSV has been demonstrated in several
studies in our laboratory. A study investigating the
effectiveness of M. hyopneumoniae and PRRSV
vaccines in decreasing respiratory disease, found
that PRRSV significantly decreased the efficacy of
M. hyopneumoniae vaccines, if pigs were infected
during or within, 2 weeks after mycoplasma
vaccination (Thacker et al., 1999b). How PRRSV
diminishes mycoplasma vaccine efficacy is
unknown, as M. hyopneumoniae antibodies were
present both systemically and locally in the
respiratory tract of infected pigs. This study found
that M. hyopneumoniae vaccination significantly
decreased the increased level of PRRSV-induced
pneumonia, observed with co-infection with M.
hyopneumoniae. Vaccination with a commercial
modified live virus (MLV) PRRSV vaccine did not
decrease the effect of mycoplasma pneumonia
induced by PRRSV or the potentiation of PRRSV
pneumonia by M. hyopneumoniae. In contrast
however, the presence of PRRSV, either through
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the use of a MLV PRRSV vaccine or by infection
eliminated the reduction in M. hyopneumoniae
pneumonia by vaccination. In a separate study,
we found that administration of a MLV PRRSV
vaccine prior to mycoplasma vaccination did not
decrease the efficacy of the mycoplasam vaccine
(Thacker et al., 2000°). This suggests that timing of
mycoplasma vaccination in relation to PRRSV
infection and/or vaccination is important to
M. hyopneumoniae vaccine efficacy.

In order to overcome both maternal anti-
bodies and the effect of PRRSV, new vaccine
strategies such as DNA vaccines and special
adjuvanted vaccines will need to be developed
in order to ensure protection under field conditions.
Asour knowledge of the immune response required
for protection increases, development of new
vaccines utilizing that knowledge will follow.

In addition to vaccination, good management
practices are required for the successful control of
PRDC. Strategically placed anti-microbial therapy
and effective management schemes including
acclimatization, nutrition, pig flow and environment
should be considered in systems experiencing
PRDC. Producers may change individual thera-
peutic strategies one at atime and wait to determine
results, or may alter many factors at a time in an
effort to control disease. Recently, Thai swine
producers have encountered respiratory disease
due to feed contaminated with mycotoxins,
especialy Fusarium sp. Factors such as this must
be considered when ng the causes and appro-
priate measures to control PRDC. Because PRDC
is multifactorial, all aspects of good swine
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management must be addressed in addition to
identifying the pathogens involved.

The information provided in this article
attempts to demonstrate how the interaction
between pathogens and the immune status of the
animal can affect vaccine efficacy. The factors
affecting mycoplasma vaccines may also impact
the efficacy of other vaccines and should be taken
into account when developing strategies for each
farm. In addition, management practices must be
considered when controlling PRDC. Vaccination
alone will not compensate for improper husbandry.
Understanding the pathogenesis and factors
affecting vaccination efficacy will enable the
veterinarian and producer to determine the optimum
time for the most effective use of vaccines. These
patterns of infection especially in the presence of
PRRSV should be taken into account with other
vaccine strategies for other pathogens involved in
PRDC.
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Abstract
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A REVIEW OF ACTINOBACILLUS PLEUROPNEUMONIAE (APP)
INFECTION IN PIGS

Porcine pleuropneumonia is caused by Actinobacillus pleuropneumoniae (APP). It is one of
the most common respiratory diseases and affects pig production worldwide. In pig herds with
poor health and bad environmental management, pigs are more susceptible to APP infections,
especially when replacement APP carrier animals come into these herds. After infection, the
mortality rate is increased. Diagnosis is not complicated but control and prevention may not be
successful because the problems are not completely eradicated. The recovered animals may become
carrierscausing chronicinfection in the herds. Serological diagnosis should be used to investigate the
antibody status. However, depopulation of infected or suspected batches is an effective strategy to
assist in the eradication of the disease. An under standing of the pathogenesis, diagnosis, prevention,
control and epidemiology of APPisrequired if effective problem solving and disease eradication isto
be achieved. Thisreview describesthe etiology, the history of the diseasg, clinical signs, epidemiology,
virulent factors, pathogenesis, diagnosis, prevention, control, the interaction between APP and
other respiratory pathogensincluding studies of APP in Thailand.

Keywords: Actinobacillus pleuropneumoniae infection, pigs
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o < o w 1
TBPs Tagin lsqmaniianu dgyaens
9
wigAnTaveudounafise 1y vy waziiy
pongn Wuiledesn mﬁmau"lw“lum UM
“URTIEH mama voudeuAiiGe Tu m‘wmmm
minifadenunficy wsnldnamannnle a
Taworfe iron acquisition systems 4 receptor
proteins 2 ¥UA (A0 TBP 1 uag 2) uagduedls
o @ . o Y 9y,
JUWIZAY transferrin VoI host 1A w150 1% iron
90 host TumswigAuTa’ld (Haesebrouck et al.,
< [ 1
1997) swqman wnsouwsru 1Whldeglulyla
wa1 ulae periplasmic binding- protem dependent i 1r0n
transport system LiQg 2lu mwmmmman ﬁ]1ﬂﬂuu
A aa
Worodii wnsnwsaavlaldlae lilinadems 19
CPS 1@z OMPs uao1ailasuutaimsi aswonveg
k4 .
LPS & (Deneer and Potter, 1989; Paradis, et al.,
1996)
& A ' A
Proteases 1501077192808 membrane vesicles
&~ . ] '
‘YU protease & uﬁlug‘ﬂﬁum oligomers ‘Ni]zhlll
active 910 gelatin AUNNIZAMINGY protease 990
41910 vesicles (Negrete-Abascal et al., 2000)
=~ Q(
Protease NfNT 018 gelatin, IgA 1AL hemoglobin
A
(Negrete-Abascal et al., 1994) relmyooNn w130
w3 1Y mucosa lavlvine proteolytic cleavage
< o w
Y94 hemoglobin tag ldmaninly anu Ayves
A
protease tazwaaoneIsnuialunisaairedeli
Y ] %
wiso g 1ded 1t
I
Fimbriae U filamentous protein structure
g U a & AA o s
AlFlumsimezaaveuronuaisonuls @ lag
o 2
ATIINY type 4 fimbriae Tw¥enuaiisenalsa
Y Y
NAUFUATINNUFOLONA (Zhang et al., 2000)
A o a A
Wﬂ“lﬁﬂ“uﬂm@ﬁiﬁﬂ!@?‘lW
uianensAutaveslsaiiiesndly 3 sves

(Dubreuil et al., 2000) A9
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1. Mamzuaziud v I NAI¥aa

o

aQ

a

dy A Y . . @
ooy 19 fimbriae UaE LPS NIZNUNILLEAA

aQ

woyraoaaudosnazgIaN  HAIZINMZAUANYAA
voamaaumala uduldludin

2. MITUNIUTZVUMSIDINAYS T2UUMI
o o & qyu ! o o an
Mo 1190n910319M8UDI _NIHUTHA197T
15 (1) mucociliary clearance mechanism (innate
immunity) Tuse uumamumﬂ%fa Froiietloain

@

ﬂﬁ@]ﬂl“]f’é)'ﬂﬂﬁ]ﬂ U “Lanﬂ!,Lﬁ L UMe (2) MIMIa

@

o Tlaolfifiadonrduilusuiloaiulsai ° 191y
A
lumsmiaie (acquired immunity) 18un pulmonary
intravascular macrophages (PIMs) Hnrhinlums
MmateraduaziAyiradnaoseglunizi 1aoa
6]:‘L‘lﬁll'f,ll‘”lﬂ pulmonary alveolar macrophages (PAMs)
TRy oo wrsaiFieedluwad
nTasvhe lduumnndt 90 wiaznan Apx toxins
L o g9 9 A g a o s
FamInwiamsnunuvesnusaau lasnie
PR . s
waz PMNs 1"o'lduay aeadimaniu miad
1NN polymorphonuclear cells (PMNs) '1/]1141!11/]
sdenfifaondnmaiuAn ey Falnde
= a W =~ a d 1
flsuandesn  ludeadnduiitiuna slusd
< [ a dy A ] A
a5 maannaae nalndulumstiumaems
g a 4 A A A & o
NUNUIBDUUANLIY AD complement Fudu 13
Y A o & gy v
fnaenelumsmaotelalasnse uaediels
=} So A dy A AA 9 1 dy v
AundaliFeeiin 1wsadiuna lavalilla
1 9 v
1199100 CPS uay/mie LPS voduFeaiifinnoy
inileaduosninna’latiady (Ward and Inzana,
1994)
3. Mmsmaaifele dnyULNINTIN
9
m@ﬂiiﬂﬁlﬂﬂﬁnﬂ cytotoxic effects UBI Apx toxins
fitinaneadaes Apx toxins 1Az LPS 92032 qu
M3LUBY PAMs LAz PIMs Hafifady #o
IMINAWDY toxic oxygen metabolites, proteolytic

enzymes L& cytokines ﬂfﬁﬂ&hm 9NN Apx toxins
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o s A o A =
VMagsaaEaHIaianaaen luvmen LPS
S o
NIZAY factor XII lunszurumsuiedivedion
mling coagulation, fibrinolysis 0¥ kinin systems
A
ﬂﬁﬂizéju coagulation pathways Wuae awalyd
< A 9 Y o < I [
naam@ea  31NeUNTeNt va@n Wudnymy
4 a Q”
U®4 acute pleuropneumonia 5ﬂﬂiiﬂﬁmﬂmﬂmﬂﬁ‘um
A A 3 9 ' . o Y a
LPS Niiguantios 1A Apx toxins 92 1HINATOY
v A
TsafunlounusosTsnvoanisanoriagus
v Ao Y a = 3 9
iy Apx 11 fiwaldinaseslsaisaanios
9
winiunse limaeimsnendiinee udhezdauds
o a dra J| A a "o
Auanuesan N5 Indl 7 Andammie Apx I i
1 g 7 13 a
ualud s Indlngunse nnsovi1vina typical lesions
Vv v v
18 souad1sIndl 1 wag 5 Mgndadun $19 Apx I
1 a Yy < Y Y a
ug wnsoRan Apx I 18 0 wnsonszduling
A o Y o = dyl dyl
soolsanvumng ldiruiy anamsAniitern
Ay o A A A Y @ . .
mwﬂm}ﬂauq NNYIVDINY cell-associated toxins

A . . A o q Ya
139 virulence determinants N9 1¥AAI8 T5A100

an >
fnﬁﬂﬁ')%')u%ﬂﬂiﬁﬂ
mM3nsv3tane Tsnluganiinisszuaedgi
eunaue1amldlasnis “unne1nsnenaiin
dy IS =)
asvieslintlon usni¥euuaniGenazuendlsind
\ U T \ o
ualunsdiaaeodiusess T asoInsFaau
o I Y [ Ao a A
MY UADIDIAINITATIVNNFTUINGUND T LY
pummglquiuiiesed19@e (Dubreuil et al.,
2000)
A ¢ X
1. mamnzuenuazi_ avIye
& A o E
NITINIZLENIFD O AN 1H801111518891% D
¥1a blood agar memu nurse colonies ﬂi’)EJ"]f’J‘c’J
L 5N V-factor %Y l"]f@ Staphylococcus aureus LW?J
1¥iIAa CAMP effect mgﬂuwammﬂqmmm Apx 1,
9 A v
II uag III (Jansen et al., 1995) 9111151A891%0 N
ﬁﬂmsl“]sfnlﬁ)uﬁ blood agar, PPLO (pleuropneumonia-

like organism) agar, chocolate agar, brain heart
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infusion agar, selective meat blood agar M3 l%
9
chocolate agar 92378 lumsvervvua In Tative e
A9 TR lincomycin 1 Hg/ml, crystal violet 1
Mg/ml, bacitracin 100 pg/ml LAY nystatin 50 pPg/ml
£ 4 4 aay o
11!@1141?!@18\'1!,‘]5@ IBOONNABDIDIAY 5-10% CO2
lunssermeaiesielumsnsayanTa
uenvnusnuleaudrusnanming o
dy A A a Y a
Tumsmnzueniyolon i Aenousa laslduinm
a v ~ L o o v ]
WNINUIUVDINDULY A ﬂ']i!W']%LL?Jﬂ!%f)%'lL‘]Ju@]ﬂﬁi“]f
4 9 1
ﬂ?ﬁ?ﬁlaﬂﬁl“ﬁﬂﬁiﬂﬂ‘] YA Lazrany<) %ﬁﬂlﬁﬂ‘]ﬂﬂ
aa v dl Y c': d? = 1% @
“lumiau%aﬂ‘ﬂgnmmawu ﬂ"IiEJHfJ‘L!IﬂEJ JINA
Msina hemolysis 1y blood agar 21912811
aa 2 = il ﬁl 5] dy S A
AUIRYIWYIVIY IULUBIINNULIFDLDWNUIN 1Y
ﬁuﬁlﬁulij!,ﬁﬂ hemolysis 14 dnbay biochemical
2
characteristics VOUA0IOAN 1AUA urease positive,
porphyrm positive mamnﬂuaﬂymm mm“l‘umi
WM%HLWSLI’JWW ’J‘L!ﬂ?i@]i’li]’l‘)u“] ‘V]llﬂ’ﬂll 1ﬂﬂl
seqaa ldun [-galactosidase, hemolysis LAY
fermentation of carbohydrates 1110991n%n213 13
udueu lumsiia hemolytic activity Vosuaaz
isolate (Biberstein et al., 1977)
2. MIN3IIN DNA V03170
ims e polymerase chain reaction (PCR) based
methods 11157579 random-clone fragment (Sirios
et al,, 1991), Hly (hemolysin) gene (Frey et al.,
1991), TBP gene (Gerlach et al., 1992), OmlA
gene (Gram and Ahren, 1998), multiplex PCR of
cpx, cps genes (Lo et al., 1998), AroA gene (Hernanz
Moral et al, 1999), nested PCR of ApxIVA (Schaller
4
etal.,, 2001) imﬁqmmﬂﬁzqﬂﬁ%’ﬂummin mixed
bacterial cultures (Gram et al., 1996) ﬂi]i!ﬁu PCR
2
wApUIlnNuTIMIZADIFRERT YoAdTHITAN

Y 1 a A Ay 4 =
lumsasaldun  dSuansedosh all wiso
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0379 1aa1u azanus iz duriavedIoe1
n140599

3. 1131379 immune mediators ¥HAM)
o a & AA Y ' A °
HAIINAAFRIBWALAY LPS az1etvilein
a A ' <
inamsiiy pro-inflammatory cytokines 8¢193IA437
14uA IL-1a, IL-1P, IL-6 1122 IL-8 mRNA 14 lung
A

1995;
1998) TNF i awadenismane

lavage cells 394N4 TNF-0 (Baarsch et al.,
Fossum,
= { o
Hoalagasauamdudniienued  neutrophil
£ o Y A .
chemoattractant IL-8 #99eMH13UU chemokine
APEFITNTTAUUAZL TN F19MTIIUVPY PMNs

4 . . 3 ) .
nea 1l LNITHAN toxic oxygen radicals Uag

myeloperoxidase Fevznlaou hydrogen peroxide i

du hypochlorous acid c'f}mﬂuﬁa oxidant ﬁﬁmm
Wufivaeaduini Qﬂﬁlﬁﬂ%uiu‘lﬁﬂﬁﬁﬂﬁ
§ni umngnivesiinInsila

IL-6 Lﬂummummmm acute- phase proteins
%QLTJU@]’]UQ“K’J']?J?]’J']iJLﬂifJﬂLm Lﬂﬂiﬁﬂﬂlu acute
phase reactants ‘1?1 QWﬁiy]lﬂ!Lfi haptoglobin, C-reactive
protein (CRP), major acute phase protem (MAP),
serum amy101d A (SAA) CINNSWWU wuwmmﬂ

qﬂmﬂwmaww 2 U (Heegaard et al., 1998)

v
A

4. mmsmmﬁ%’mwm
Tunsdinsaadonnudosefilifinie as
91M1IMeAdnes 19T nsIfadelsades
91fIMIATIINNTT U N Faina1e3s 19 wbe
agglutination test (TAT), rapid slide agglutination
(RSA), immunodiffusion (ID), ring precipitation (RP),
indirect hemagglutination (IHA), indirect fluorescence
antibody technique (IFA), coagglutination (CA), counter

immunoelectrophoresis (CIE), 2-mercaptoethanol

tube agglutination (2-ME), complement fixation test
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(CFT), enzyme linked immunosorbent assay (ELISA)
2 1 Y
FBmsasaveuananiuiuegiuileienioesiuie
Y a wva 3 aa o A
Turtealliamsiiueg Jyilumsasinitte Ao
FaliiAsmslafidhunuaininsgiu (gold standard
method) Tu¥ausnveanisuend s Indinles
. . [ =) q Y2
agglutination WU TAT wnsousndlsinillaa
[ I a
uAdeld unheated CPS 1HuuOUAIY NI1Z CPS
L eanudumizded s Ind lerums auto-
claving (16 washing (Gunnarsson et al., 1978) RSA
waz RP Huasnianuinvedemilouny TAT ¥
' 3 1 AanA
ANNeluMIAsIn 51AgnuazIIASINIIBTOUA
(Mittal et al., 1982) RSA uag TAT %zllij W50
asduend 15 Ini 8 eenandlsini 3 uaz 6 14
Llﬁlﬁﬂﬁl%} whole cell antigens G1“1«!"1]‘f,]n!§:ﬁ IHA uas ID
wnsouen’ld Tasmwiz ID A% phenol-water-
. . Y = 1 9
extraction antigens v 1nafn11ms1d heated
Y
antigens (Gunnarsson, 1979) YONINH mﬁﬂal“i’fj
~ 4 ¥ .
IFA 5291315 10118910 bacterial smear 94
Y Y
§19819F U0 WU IFA tay CIE Hanuluinan
v v
ID U 2-ME tube agglutination test Humingnoy
15lunmsasinitenelsnlaommizlumsaingu
Tsnluvhsy (Nielsen, 1988) coagglutination uunJu
Seiae1Flumsns1e field strains WUl N30
1 =) A Aaaa 9 o
uenuezsz1IE 15 Intladugnserdweeniniu
k4 . a dy A g a
18 (Nicolet, 1988) msaa¥arodiia s Inilnd
Aaaa 9 a Ay o Y U = 0’3
Ugnserduazinagiquiudiusznanedls Indhiu
mldinanny “u wlumsasiadieneld msaa
Y
wounn 1 &l15niley wadesasimsienas
MIATIVNNFTUINGT (Nielsen, 1988) 11U NILAA
. . Aa A& A J| e
cross immunity Tu _nifaasoefiig 15 Tnilwidd
aaa P v A q a A a e '
ﬂgﬂﬁﬂwmnwﬂi"lmﬂmumﬂﬂﬁm%mﬂau
vz "waldides 15 Ini 1w 13J1§ﬂ3J“I)”Mf]EJiU1/]N
mumele 18 TaeR IiRe seroconversion AT

as19N9 35U Il wisaasrem qnsﬁﬁm@m
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v
c: A

%Ti'lﬂﬂ“lmmﬂannlﬂ niAAe A. suis. E. col

ay A

130 iNﬂlIﬂll'Vl’ﬂaﬂiEJWﬂiJﬂ‘U!%ﬂ

a

uazmaauq
AN 1AN3123] epitopes VU OMPs Mo UMY (Inzana
and Fenwick, 2001)

ELISA Idwaiifinnhuazsumnzannnda
CFT iinvosouanuiild 14un CPS (Gottschalk
1994), long chain LPS (Radacovici et al,
1994) 159 Apx toxins WU LPS ELISA 3z l¥ina

et al.,
UFnse1dhw ud CPS ELISA  1nsouondlsInd]
a9 laeniudlsInd 4 wag 7 (Gotchalks et al,
1997) asly cps biotin-streptavidin ELISA
%”Lﬁllﬂﬂu%LLﬁ”ﬁuWW” (Inzana and Fenwick, 2001)
uaﬂmnuaw recombmant Apx 1I ELISA °1Nl|
mmmmvwwmawm AoveIuauinsuiaeefii
1 QJ (% @ K 1 ]
gty gafuiaddunsne ounenld ugly
~ J dy A .

w5052y F 15 IndlveuForofifi (Nielsen et al.,
2000)

MIMHUA cut-off values Y99 ELISA NUriae
77 WU MUUAMAINUUUOUTEHIN 0.15-0.20
WIemuuAN 99130 1WMIVENAT optical density
(OD) voudiedanlinaaunialdal OD wveq
freg1anltmaauudiuindy eanse 1M1Vl
standard deviation (SD) (Barajas-Rojas et al., 1993;
Jacobson, 1998) ﬁ?ﬂmﬁ]i‘%’ negative cut-off values

A L. . &

mﬂdﬂ qﬂi‘mﬂu minimal disease herds Wilu

cut-off values U94 commercial herds 1@ (Blackall,

2001)

U
msnupnilesnulsn
o o o a

lumsaruauilesdulsaduiudesiinizan
IS = ' dg‘ @
Wunsalmmzlunaazds YJui wgueamsszing
1 a o A g 1
Wy nannmsi nsnaunuidunivzuas il
Msnnlsa MsTAMIHAZATIT BU UMW N5 1)
' ) =2 A o o '
Ay ailuTe dy  msaaanuruiuly
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Tsa5ou M35y amiseFeulimmne wiy A
pImAlkHansEnUAeMInalsaedn uanylul
wase Tsndaide lulawa an (Beskow et al., 1998)
1uﬂﬂﬁﬁﬂﬁﬁﬂﬁﬁ .nitheeenszrisaninuiy
sdumnzvealsmirly 'msfisalsneanan
e mslddmgadnlugeiimasszinaendivan
mmiqugmmmTﬁmmzaﬂé'mwmimﬂwinfu 1
ﬁ'wuaa%wﬁi%’ Ul,ﬁ}!,l,ﬂ' florfenicol, chlortetracycline,
tiamulin, amoxicillin,

enrofloxacin, tilmicosin,

v
penicillin Ula¢ ceftiofur 1u§ﬂggnnaﬂw'§aw i
1AZDIMNT (Wallgren et al, 1999*°) wam3lden
1 o 1 Aa d’i’ £
p1ouananiuluudazds  Tugdsnaadenislye
H Y A A a
W w1 liHaANeIH N1HITIHeI9IN NIl
pmadoaning manaemugadnaglinanoudig
Aual enaazi)dodsany (Fenwick and Henry,
o a A 1w [ )
1994) uazduiudesiadadeiuvatsiu vensal
pnueeiininenld miiaindusrandasing
v v
aelaualilddugimsdade’ld uavslnadly
FRNATMITEVIA0GIUAIUNAY  HAINITAAIATY
A U I =
Asnmeihgervdumivzvealsalugs  Unis
naaonaindu LPS lu nswud wnisetleadu
1 A a aaa
Tsaldure Hwmwzdls Indimadgaserdinla
i’lﬂumwmmﬂ%'ﬁﬂ«?u WU WY granulomatous lesions
a Ad o A IS A
AIUTNANAAIAF T UNANIN 1T B (Maclnnes

and Rosendal, 1988)

aAav o d U & A A v & U d'
‘IJgﬂ NWHﬁﬁZﬂ'J"N!‘]I@!@WWﬂﬂ!‘]f@ﬂﬂiﬁﬂ@ucl
a 1 % \ dy AA v dy d‘
M3NaT5ATINAUTTHNWFBLO NN LT Y
13U porcine reproductive and respiratory syndome
virus (PRRSV) 139 Aujeszky's disease virus (ADV)
F
nuNnseslsnleadn VIINMIAAITD ADV Ay
v A
eiifazuanamenull nande nsnAadeniifioy
A o ~ & A
nutleauaziwerinileadnt U Niieaienilea 39
v v
Mitleauiuiazina fibrinous thrombosis 1HYME
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v v Y
1 _n3fAa¥® ADV WU bronchitis, bronchiolitis
E
1az alveolitis (Narita et al., 1997) M3AAITD PRRSV
1 1 yd 1 a ﬁ’l ~ A L=}
aeulu'ldlinansznuaemsdayesoninuas lud
! ! 4 a A aa

ANNUANAIITENINT 08 TsANINADINITDID N DE1
=S =) v a dy 1} [ S A
ReUNBVAVUMIAAIYD PRRSV 3R UO#AN (Pol
et al., 1997)

=g a2
msanulsaeiilulszmalneg
il 2533 Sunilduazanz (1990) WuN
9
N8IINMIATINTRY 1TALAZINIZLUENYDINNT O 15A
Fa
Yoauddr wrsauenyoediil a1sinil 1, 2, 3
waz 5 Aw33 rapid plate agglutination iag ID
Dumrongwatanapokin and Neramitmansook (2000)
a a dy = dy [ J
Whaaaunsaaae Tsaeiinuuuseseluvhsy
d” A A J
05 wnsouenerefinglsInil 1, 5 uaz 6 90
1oanTseain w@]’i Dumrongwatanapokin et al. (2000)
1 7 dy S A
5189117193 1015 LeNFelediNInses lsnden
v v
Yo NsN1sean (12%) veoniu¥e Mycoplasma
hyopneumoniae (Mhp) Ua¢ M. hyorhinis (Mhr)
A A v
1azIM¥e Mhp NariuaasIINUTINes 1.5%
A ' F
whiun nsausn¥eeiiis 1wy Mhp

19N 1591994

funiid wsiesanu v Twlsad Swdu 351 1nglya
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Abstract

Nuvee Prapasarakul

SWINE DYSENTERY: IT'S DIFFERENTIAL DIAGNOSIS FROM
OTHER COLONIC SPIROCHETOSIS

Spirochetal infectious diseases are known worldwide to cause tremendousfinancial lossto the
pig industry. Up to date, the use of the genus Brachyspira (B.) is proposed, from the unification
between the genusBrachyspira and Serpulina, by using reliable molecular techniques. Two speciesare
major etiologic causes of infection: B. hyodysenteriae and B. pilosicoli (formerly Anguillina coli).
B. hyodysenteriae is a facultative anaerobic spirochete and is the primary cause of the severe
mucohemorrhagic diarrheal diseasecalled " Swine Dysentery" (SD). On theother hand, B. pilosicoliis
is an emerging cause of " Colonic Spirochetosis' (CS) of Guinea pigs, dogs, humans, hon-human
primates, wild and domestic birds; it may also be an important zoonatic infection with public health
significance. The term porcine intestinal spirochetosis (PIS), colorectal spirochetosis or spirochetal
diarrhea, have also been used interchangeably to describe CS. This review describes the important
features of spirochetal cells, the role of membrane proteins in host immunization, clinical and

laboratory diagnosis and strategies for prevention and treatment.

Keywords: Swine dysentery, colonic spirochetosis, Brachyspira
Department of Veterinary Microbiology, Faculty of Veterinary Science, Chulalongkorn Univer sity, Bangkok, 10330
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Abstract

Sanipa Suradhat Sudarat Damrongwatanapokin?

FACTORSTHAT INFLUENCED AN EFFECTIVENESS OF
CLASSICAL SWINE FEVER VACCINE: A CASE STUDY

Classical swine fever (CSF) or hog cholera, caused by classical swine fever virus (CSFV),
is probably one of the most important viral diseases that cause serious economic loss to the swine
industry worldwide, including Thailand. Recent knowledge suggests that cell mediated immunity
(CMI) playsa crucial rolein viral protection. This article describes some important findings from
a recent research program. The project was initially aimed to establish an assay for detection and
study of CMI to the classical swine fever virus, by measuring the numbers of CSFV-specific
interferon-gamma (1 FN-y) secreting cells, from porcine peripheral blood mononuclear cells (PBMC).
Having established the assay, it was applied further, in conjunction with the detection of serum
neutralizing antibody, to assesstheinduction of activeimmunity in pigs, following vaccination and/or
challenge. Data obtained from this project clearly demonstrated the influence of cell-mediated
immunity on protection against classical swine fever virus infection. Our data demonstrated that
CMI could be detected as early as 6 days after vaccination and remained up to the end of finishing
period. The data from our experiments confirmed that commercial vaccines used in Thailand
were capable of inducing disease protection in challenged pigs, on the condition that pigs were
immunized at an appropriatetimeand condition. Our findingsstrongly support the notion that other
factors, including maternal immunity, age of the vaccinated pigs and biosecurity, could greatly
influence the effectiveness of a classical swinefever vaccine.

Keywords : Classical Swine Fever, classical swine fever vaccine, cell-mediated immunity, ELISPOT

interferon-gamma.
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