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Abstract
Piglets are immunologically underdeveloped at birth and rely on colostral intake
from their dams for protection against pathogens in the first few weeks of life.
Within 24 hrs of birth, gut closure occurs in the newborn pig intestine which leads to
a decline in the absorption of maternal immunoglobulins. There is a narrow window
in the life of a neonate to achieve immune protection from the dam. Studies show
that giving plasma to neonatal piglets intramuscularly (IM) can reduce their
mortality. The aim of this study was to evaluate whether the IM administration of
autogenous porcine plasma to neonatal piglets enhances their growth performance
and reduces mortality.
A study was conducted to select the group of pigs which had the highest IgG levels
to be used as plasma donors. Parity 1 sows were found to have the highest IgG levels
however differences in IgG levels among the age groups selected were minimal.
A small drop in pre-weaning mortality (not statistically significant) was observed in
plasma-treated piglets in the pilot study while plasma treatment had no effect on the
piglets’ overall survival and weight gain in the main study. The results indicated that
plasma treatment had no positive effect on growth performance in the piglets in both
studies. The interaction between treatment and the type of litter was found to
influence survival of the piglets in the pilot study. The birth weight of the piglet was
the main factor in survival and weight gain in the main experimental study with
higher birth weight piglets showing increased weight gain and lower mortality rates
compared to those that were lighter. Importantly, while it may be possible to transfer
immunoglobulins in plasma therapy, in order to obtain significant levels of
immunoglobulin transfer, considerably higher doses of plasma than those used in
this study will need to be delivered. In addition, this study shows that plasma therapy
cannot be reliably used as a sole therapeutic option to improve unthrifty neonate
piglet health.
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Chapter 1 : Literature review
1.1.

Introduction

Neonatal mortality is far greater in the pig compared to other mammalian species
such as cattle, sheep and humans (Gaskins & Kelley, 1995). Approximately, 15-20%
preweaning losses of newborn piglets are encountered by pig producers (Gaskins &
Kelley, 1995). Common causes of sucker (a piglet which is still feeding from the
sow’s teat) mortality include, in order of frequency of occurrence: Overlying by sow,
trauma, weakness and less than average weight, starvation and chilling and
abnormalities including splay legs and blind rectum, diarrhoea of bacterial and viral
origins and systemic diseases such as arthritis and pneumonia) (Rooke & Bland,
2002).
Furthermore, piglets have a low level of immunocompetency at birth due to several
developmental aspects of the pig’s immune system (Gaskins & Kelley, 1995). In
addition, a specialised epitheliochorial placentation inhibits in-utero transmission of
maternal immunoglobulins due to its six tissue layered structure (Bandrick &
Molitor, 2005). There is therefore a very small opportunity in the life of a neonatal
pig to achieve maximal immune protection from the dam. Plasma therapy is one
approach that has been proposed as a method of boosting neonatal piglet immunity
and is aimed at enhancing piglet passive immunity.
Within 24-36 hours after birth, gut closure occurs in the newborn pig intestine
which leads to a gradual decline in the absorption of maternal immunoglobulins
(Rooke & Bland, 2002). Gut closure inhibits the transfer of macromolecules like Igs
to be absorbed into the circulation (Rooke & Bland, 2002). It is a defence
15

mechanism to inhibit any passage of foreign molecules into the system but also
impairs the ability of the piglet to obtain immunoglobulins from colostrum.
Plasma therapy refers to the administration of plasma which is collected from
immunised animals and given directly to the piglets (Berghman, Abi-Ghanem,
Waghela, & Ricke, 2005). Plasma therapy provides added protection to the neonates;
especially piglets which have taken longer from birth to first suckle and will
therefore not have obtained as much colostrum as their other litter mates.
This study will focus on evaluating the potential benefits of plasma therapy in
suckling piglets, by determining the effects of this therapy on the immune system of
neonatal piglets and to assess whether this can lead to a decrease in the preweaning
mortality of suckling piglets (a suckling piglet is a piglet prior to weaning that is still
nursing from a sow). Studies were also conducted to identify the group of sows that
had the highest concentration of immunoglobulins (Igs) in their plasma and would be
the ideal candidates to use as donors for the plasma. Plasma from sows with the
optimal serum immunoglobulin concentrations was collected and given to neonatal
piglets for metaphylactic and prophylactic purposes, preweaning mortality and
weight gain of piglets were recorded. Enzyme-linked immunosorbent assay or
ELISA was used to quantify serum Ig levels in neonatal piglets to assess the transfer
of antibodies.

1.2.

Serum/Plasma Therapy
1.2.1. Components of serum/plasma

Serum or plasma is the liquid component of blood in which the cellular components
(red blood cells, white blood cells and platelets) are suspended (Tizard 2009, p. 172).
Plasma differs from serum in that the clotting factors are present in plasma. Clotting
factors are a series of plasma glycoproteins which are responsible for the formation
16

of fibrin clots (Blood & Studdert, 1999). Immune sera or plasma collected from
older animals will contain specific antibodies which can neutralise pathogens or
toxins, activate the complement system or promote phagocytosis via opsonisation
(Casadevall & Scharff, 1994).
1.2.2. History of serum or plasma therapy

Serum or plasma therapy is defined as the administration of serum or plasma
obtained from immunised animals or recuperative humans for the prophylaxis and
therapeutic treatment of infectious diseases (Berghman, et al., 2005). In this study,
plasma was administered to piglets instead of serum. The reason for using plasma in
this study is to aid in increasing the yield of the processed blood. A higher volume
can be obtained by processing plasma instead of serum. Serum however was used in
the measurement of IgG due to higher sensitivity acquired with the ELISA.
Since the start of the 20th century, serum therapy has been widely used to treat
various infectious diseases such as those caused by Clostridium spp, Streptococcus
pneumoniae and Haemophilus influenzae in humans (Smith & Peacock, 1980).
Serum therapy was proven to have some degree of effectiveness against rabies,
plague, botulism, brucellosis, Q fever and anthrax using animal models such as mice
and guinea pigs (Casadevall, 2002). The mechanism of action mainly operates by
neutralisation of the pathogen or toxin through the binding of antibodies to the outer
surface of the pathogen or toxin (Casadevall, 2002).
However, with the introduction of antibiotics during the mid-1930s, the popularity of
serum therapy declined rapidly (Casadevall, 1996). At the start of the antibiotic era,
serum therapy was used as a combination treatment with antibiotics and was found
to have higher efficacy than treatment with either therapy alone (Casadevall, 1996).
However, more side-effects were observed in the combination therapy as compared
17

to antimicrobial therapy itself and hence, serum therapy fell out of favour
(Casadevall, 1996). In the case of treating rabies in humans for example, serum
therapy currently remains the only prophylactic option as no other drug is available
to treat rabies virus infections.
One of the major disadvantages of serum therapy is the side effects. Side-effects of
serum therapy in humans include fevers, chills and allergic reactions (Casadevall,
1996).
More recently, with major technological advances in antibody production, there has
been renewed interest in serum or antibody therapy in human medicine (Casadevall,
1996; Oral, Ozakin, & Akdis, 2002). The emergence of multi-antibiotic resistant
organisms has also prompted more research on new immune therapeutic approaches
(Oral, et al., 2002).
1.2.3. Current uses of serum or plasma therapy
1.2.3.1.

Human Applications

Serum therapy is used in humans for toxin neutralisation in diseases such as
botulism, diphtheria and tetanus, replacement therapy in Ig-deficient patients and
post-exposure prophylaxis against several viruses (for example rabies, hepatitis A
and B and measles) (Casadevall, 1996). Tetanus infection in humans can be treated
with human tetanus immunoglobulin if patients have not been immunised previously
(Cooke, 2009). Intravenous immunoglobulin therapy has successfully been used in
patients with chronic lymphocytic leukaemia and presenting with
hypogammaglobulinemia (Milani, Dalia, & Colvin, 2009). It should however be
noted that there are possible side effects, some of which could be potentially fatal
including the occurrence of thromboembolism.
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1.2.3.2.

Application in Animals

There are many examples of serum or plasma therapy being used in animals. For
example, the use of serum therapy in unthrifty piglets resulted in marked
improvement in their health. In a study conducted by (Normantiene, Zukaite, &
Biziulevicius, 2000), serum was collected from sows and was administered
intramuscularly to the less viable neonatal piglets at the same farm. The results
showed that serum therapy was able to reduce the mortality rate of runt piglets by
20%.
Spray dried porcine plasma (SDPP) has been widely used in the diets of earlyweaned pigs in the USA (Dunshea, Kerton, Eason, Pluske, & Moyes, 2002). One of
the benefits of including SDPP in initial weaner diets included a stimulatory feed
intake immediately after weaning and weight gain was observed (Ermer, Miller, &
Lewis, 1994). As such, studies had shown that growth and feed intake responses to
supplemental SDPP were greater in disease-burdened versus clean environments for
pigs (Coffey & Cromwell, 1995) as well as in poultry (Campbell, Quigley III,
Russell, & Kidd, 2003). The use of bovine plasma was shown in some cases to be
comparable with using porcine plasma in diets for early-weaned pigs (Pierce,
Cromwell, Lindemann, Russell & Weaver, 2005).
There are commercially available immunological products like SDPP, however these
products may not have the same efficacy at combating infection and reducing
mortality as autogenous plasma obtained and administered to piglets on the same
farm. One of the main reasons for this is that strains of the same microorganism may
vary in different farms and the dried plasma acquired from a commercial laboratory
may not target the specific organisms present on a particular farm.
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Schuijffel, et al., (2005) showed that there is a positive relationship between
antibody production and the protection against infection in chickens. An experiment
was conducted where B lymphocyte development in the chicken was suppressed and
the animals including controls were exposed to Ornitobacterium rhinotracheale, a
respiratory pathogen. Data revealed that the immune suppressed animals which
received O. rhinotracheale-specific antiserum prior to the pathogen challenge, had a
significantly lower morbidity than the control animals.
Importantly, in some situations, plasma transfusion is considered a commercially
viable treatment option, for example, plasma is used as a prophylactic treatment in
foals with low serum IgG concentrations. This prophylaxis can reduce the severity of
neonatal infections which can lead to sepsis (Tyler-McGowan, Hodgson, &
Hodgson, 1997).
1.2.4. Advantages and Limitations of serum/plasma therapy
1.2.4.1.

Advantages

Serum therapy provides immediate protection against specific foreign organisms
(Zeitlin, Cone, Moench, & Whaley, 2000). With newborn piglets and weaners, the
application of serum or antibody therapy acts as an immediate boost to their naïve
immune system compared to a response from vaccination which can take several
days or weeks to develop.
In addition, the antibodies acquired by a young animal as a result of ingesting its
mother’s colostrum containing maternal antibodies, will inhibit the ability of the
newborn to mount its own immune response (Klobasa, Werhahn, & Butler, 1980).
As a result, very young animals are unable to respond to active immunisation using
vaccines.
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Antibodies being natural products produced by a host’s body are considered to be of
low toxicity compared with commercially available antimicrobial drugs (Casadevall,
2002). Based on the structure of antibodies, they are highly specific towards
targeting the antigen (Casadevall, 2002; Oral, et al., 2002). This is beneficial if the
aim is to target a specific pathogen and not mount a response against other
organisms. Also, this approach reduces the chances of creating any drug-resistant
microorganisms unlike using antibiotics.
Casadevall (1996) claimed that antibody-based therapies can in theory be developed
to target any pathogen. An example is the treatment of an infection caused by,
Candida albicans. Antibodies against the pathogen can be generated to treat the
disease although the effectiveness of this therapy is uncertain (Casadevall, 1995;
Han & Cutler, 1995). One of the important mechanisms of action of antibodies is
toxin neutralisation and currently, there are no drugs that have the specific ability to
remove or neutralise pre-formed toxins unlike antibodies (Casadevall, 2002).
1.2.4.2.

Limitations

One of the potential disadvantages of serum therapy is serum sickness. Serum
sickness has been described in humans and occurs when heterologous sera collected
from a different species is administered, for example the anti-toxin against tetanus
which is collected from horses typically induces a type III hypersensitivity reaction
in humans when administered more than once (Casadevall & Scharff, 1994).
In type III hypersensitivity, immune complexes are formed as a result of interactions
between the host antibodies and the administered foreign antigen. This interaction
between the host antibodies and antigen activates the complement, phagocytes and
induces serum sickness. (Janeway, Travers, Walport, & Shlomchik, 2005, pp. 542543).
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Clinical signs of serum sickness involve a generalised vasculitis with erythema, joint
swelling, lymph node enlargement and proteinuria (Tizard, 2009, p. 361). Serum
generally does not pose a problem if donor serum is collected from the same species
as the recipient.
Serum therapy also poses a risk of potential infectious disease transmission. (Oral, et
al., 2002). Examples of disease agents that can be transmitted via serum from
infected animals include porcine parvovirus, Actinobacillus pleuropneumoniae
(APP) and Mycoplasma spp.
To reduce the risk of disease transfer, serum has to be collected in the same farm in
which the treatment will be given to the piglets. This also ensures that antibodies to
the strains of microorganisms present in the sow’s blood will be relevant to the
pathogens encountered by the neonates. Multiparous sows will be chosen in favour
of gilts as donors for their enhanced immune memory caused by exposure to many
environmental microorganisms for a longer period of time.
Antibody therapy is usually pathogen specific and hence does not provide a broadspectrum cover for mixed infections (Casadevall & Scharff, 1994). Therefore, the
antibodies may not be targeting all of the pathogens that are causing the infection.
Casadevall (2002) stated that to improve the efficacy of antibody treatment, the
timing of administration relative to the development of clinical signs is crucial. He
maintained that antibodies are more effective in preventing infection than in treating
established infection (Casadevall, 1996).
One of the main disadvantages of using serum in therapy is that the amount of
antibodies found in each batch of serum varies according to the status of the donors
that have been selected for collection (Oral, et al., 2002). Hence, there is a lack of
standardisation of antibody concentration in each batch of serum collected.
22

1.2.5. Methods of administering serum or plasma therapy

The main routes of administrating serum or plasma therapy which are being
considered include intramuscular, intravenous, intra-peritoneal and oral.
1.2.5.1.

Intramuscular administration

Intramuscular injection is a quick way of administering serum or plasma but only a
small amount of serum or plasma can be injected to avoid local reactions (Reilly,
Domingo, & Sandhu, 1997).
1.2.5.2.

Intravenous administration

Serum or plasma can be given at higher doses through the intravenous route and this
route is used in treating immunocompromised patients who need to stay on the
therapy for a period of time (Oral, et al., 2002).
1.2.5.3.

Intraperitoneal administration

As most of the diseases affecting piglets involve pathogens colonising the intestinal
tract for example Escherichia coli, it is beneficial to investigate any advantages in
giving the serum or plasma intraperitoneally. A study has shown that a high volume
of IgG antibodies (20ml) given through intraperitoneal injection in the rat is a more
efficient delivery route and allows the antibodies to persist longer in the peritoneal
cavity. However, more studies would need to be performed to investigate this route
of administration and whether it applies to the delivery of other subclasses of
antibodies (Barrett, Wagner, Fisher, & Wahl, 1991).
1.2.5.4.

Oral administration
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Antibodies delivered by the oral route have been used as therapeutic and
prophylactic approaches in gut related infections in humans, including rotavirus or
E. coli (Reilly, et al., 1997). When administered orally, antibodies, like all other
ingested proteins are broken down by proteases including pepsin and trypsin in the
gastrointestinal tract (Reilly, et al., 1997). This reduces the effectiveness of the
antibodies as they retain only some of their neutralising activity.
Some researchers have tried coating the antibodies to protect against the degradation
activity so the antibodies are found in a more intact form at the site of action
(Schuijffel, et al., 2005; Shimizu & Nakane, 1995).
In humans, serum therapy is generally administered systemically via the intravenous
route with oral administration being useful against certain gastrointestinal agents
(Casadevall 2002).

1.3.

Colostrum and the piglet immune system

A pig is born with fully functional but naïve immune system therefore colostrum is
the first source of immune protection for the neonates. Colostrum is defined as the
first milk letdown and is a thick yellow secretion present in the mammary glands
which is rich in protein and antibodies (Dividich, Rooke, & Herpin, 2005). Apart
from antibodies that are present in colostrum, other components of colostrum include
leukocytes and other immunologically active cells, growth factors including insulinlike growth factors (IGF) 1 and 2, insulin, epidermal growth factor and transforming
growth factor-beta. In general, the concentrations of growth factors in colostrum fall
over the first day and therefore any positive effects of growth factors may be
diminished in later borne piglets (Dividich, et al., 2005). Antioxidants like selenium
and vitamin E present in colostrum enhance the ability of an animal to mount an
immune response (Arthur, McKenzie, & Beckett, 2003; Pinelli-Saavedra, 2003).
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Besides having an immunological component, colostrum is the main energy source
for newborn pigs (Dividich, et al., 2005).
1.3.1. Immunoglobulins in colostrum
The main immunoglobulin component in colostrum is IgG, which makes up 80% of
the Igs as compared with IgA and IgM (Roth & Thacker, 2006, pp. 15-35).
However, IgA is found to be the dominant Ig in mature milk and levels of IgA can
be five times higher than IgG (Butler, Zhao, Sinkora, Wertz, & Kacskovics, 2009).
The initial concentration of IgG in colostrum is very variable even within sows on
the same unit (Klobasa, Werhahn, & Butler, 1987). Variability can be observed in
teat order, with cranial teats of the udder seeming to have higher IgG concentrations
than the caudal teats (Inoue, Kitano, & Inoue, 1980; Rooke & Bland, 2002). Most of
IgG and IgM in colostrum are derived from the serum of the sow (Bourne & Curtis,
1973).
1.3.2. Colostrum absorption by piglets
At birth, the antibodies ingested from colostrum before gut closure are taken up by
the piglets through non-specific pinocytosis into the enterocytes of the intestine and
localized in vacuoles (Dividich, et al., 2005). Low proteolytic activity is present in
which chymosin instead of pepsin is found as the dominant gastric protease present
in a new-born piglet’s stomach (Dividich, et al., 2005). Chymosin aids in milk
clotting and slows down the degradation of the milk proteins.
Protease inhibitors are also present in higher concentrations in colostrum than milk
to increase transfer of IgG to piglet’s serum (Zhou, He, Li, & Liao, 2003). The
protease inhibitors enhance the absorption of colostrum proteins including Igs by
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inhibiting gastrointestinal proteolysis (Westrom, Ohlsson, Tagesson, & Karlsson,
1985; Zhou, et al., 2003).
Colostrum is the main source of passive immunity to neonates in the early stage of
life. However, given that most neonatal deaths occur during the first few days of
birth, the role of antibodies present in the neonates may play a more important role
in protection against pathogens at an older age (Dividich, et al., 2005). Inadequate
intake of energy from colostrum and overlying (refers to piglet being suffocated by
the sow) were thought have more effect on the early pre-weaning deaths (Dividich,
et al., 2005).
Factors that affect the amount of antibodies absorbed in colostrum include the
quality and quantity of the colostrum consumed by the piglet, and the timing of gut
closure. Sow-related factors that can make a difference in the quality of the
colostrum include nutrition, diseases, and hormonal changes during reproduction,
litter size, dam parity, whether the farrowing was induced and genetics (Dividich, et
al., 2005).
Big litter size tends to decrease colostrum production and within a litter, birth weight
and birth order contribute to the amount of colostrum consumed (Devillers et al.,
2005). Piglets that are born heavier at birth are more robust at the udder and are able
to take in more colostrum than the lighter piglet (Dividich & Rooke, 2006 ). Piglets
born later in the birth order may be left with caudal teats that are less productive in
colostrum production (Pluske, Dividich & Hampson, 2006).
Premature farrowing at 110-111 days reduces colostrum production by 40% (Milon,
Aumaitre, Le Dividich, Frantz, & Metzger, 1983). The occurrence of mastitis causes
a low yield of colostrum (Dividich & Rooke, 2006 ). Abnormal hormonal changes
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including a spike in progesterone during the periparturient period have been linked
to delayed lactogenesis (de Passille, Rushen, Foxcroft, Aherne, & Schaefer, 1993).
1.3.3. Effects of dam parity on Ig quantification

Studies have shown that dam parity may play a role in the quantity and quality of
antibody transfer from serum to colostrum. Gilts have a reduced concentration of
circulating antibodies compared to older parity sows, however there is no difference
in total colostral IgG concentration (Klobasa, Butler, Werhahn, & Habe, 1986).
Other reports have found that the gilts have lower total IgG concentrations in serum
and colostrum than older parity sows (Klobasa & Butler, 1987). In comparison to
cattle, first parity dams have decreased ability to preferentially transfer circulating
IgG to colostrum as compared to older parities (Lui, et al., 2008).
Several theories have been used to explain the variations in IgG concentration in
serum and colostrum of dams of different parity. Differences in the degree of
mammary gland development in dam parities may affect the transfer of antibodies
into colostrum or milk (Miller, 2008). There may be a threshold in the amount of
antibodies that can be transported into colostrum (Miller, 2008). The differences in
the levels of IgG subclass between parities could be a factor as it has been suggested
by (Karlsson, 1966) that one subclass was preferentially transferred into colostrum.
Further investigation is needed to assess the causative factors to explain the different
levels of Igs in dam parities.
1.3.4. Potential maternal antibody (Ab) interference to plasma therapy
Absorption of maternal IgG was considered to repress the active synthesis of IgG by
the piglet (Rothkotter 2009; Kitching and Salt, 1995). Although maternal antibodies
provide immediate protection to the immunologically naïve neonatal piglets, the
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efficacy of vaccinating newborn animals is reduced. The presence of maternally
derived antibodies creates a negative feedback mechanism by suppressing antibody
response in the newborn animals (Tizard, 2009, pp. 234-235).
In the study of plasma therapy on newborn animals, the suppressive effect of
maternal antibodies would be at its minimal. Runt piglets are ideal candidates for
plasma treatment, as their low bodyweight and condition means they would not be
expected to have received as much colostrum from the dam as the rest of their
healthier litter mates.

1.4.

Porcine Immune System

The porcine immune system similar to other mammalian immune systems consists
of 2 major arms, the innate or non-specific and the acquired or adaptive systems. The
innate immune system provides the first line of defence when pathogens are
encountered and is not as specific in the recognition of a foreign organism. The
acquired immune system on the other hand provides a specific response against a
particular antigen and the response increases with each exposure to the antigen as
there is immunological memory associated with this system (Thacker, 2003).
1.4.1. Innate Immune System
The innate immune system is made up of a series of protective barriers to halt or to
prevent the entry of foreign invaders (Tizard, 2009, p. 4). Physical barriers including
skin, cilia or mucosal membranes lining the conjunctival, respiratory, gastrointestinal
or urogenital tracts help to trap any foreign organisms and move them out of the
body.
If the pathogens manage to break through the physical barriers, phagocytic cells such
as neutrophils, macrophages and dendritic cells serve to contain the pathogens and
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destroy them by phagocytosis (Thacker, 2003). Macrophages are also termed antigen
presenting cells as they create an important link between innate and adaptive
immune systems. They are able to bind pieces of an organism which triggers the
stimulation of lymphocytes. An interesting characteristic of the pig immune system
is the presence of a large number of intravascular macrophages in the lungs
(Winkler, 1988).
Removal of bacteria and other pathogens present in the blood occurs primarily in
pulmonary intravascular macrophages (PIMs) in the pigs. This is in contrast to the
removal of blood borne pathogens through the liver and spleen in humans and dogs
(Winkler, 1988). Removal of blood borne organisms predominantly through PIMs
also occurs in calves, goats, sheep and cats (Winkler, 1988). Properties of PIMs
include the production and secretion of digestive enzymes, activation of
phagocytosis and pinocytosis. PIMs also play the role in monitoring, phagocytosing
and degrading blood cells (Winkler, 1988). The complement system which is part of
the innate immune system is made up of specific plasma proteins that react with one
another to opsonize pathogens and induce inflammation to aid in fighting off
pathogens (Thacker, 2003). The pig complement system is similar to the human
complement system (Pastoret, Griebel, Bazin & Govaerts, 1998). The function of the
complement system serves to create a cascade process which amplifies as it
progresses by enzymatic reactions activated through the encounter with pathogens.
Complement also acts as the main ‘effector’ of the humoral immune response (Roth
& Thacker, 2006, p. 16). The pig complement system can be activated through three
pathways (Thacker, 2003). The classical pathway is initiated when the first protein in
the complement cascade (C1q) binds to the surface of the pathogen. The lectin
pathway is activated by the binding of serum lectins to mannose-containing
carbohydrates found on bacteria or viruses (Tizard, 2009, p. 61). The alternative
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pathway is initiated when a pathogen comes into contact with an activated
complement component (Thacker, 2003). All of the activation pathways are tightly
controlled by regulatory proteins to prevent the system from overwhelming the host.
(Tizard, 2009, pp. 172-179).
Activation of the complement system results in membrane attack complex and pore
formation causing the lysis of bacteria (Thacker, 2003). Prostaglandins, tumour
necrosis factor-alpha (TNF-α) and leukotrienes are some of the inflammatory
mediators produced by activated inflammatory cells (Thacker, 2003). T lymphocytes
which form part of the innate system, termed natural killer cells, are activated by
interferons which are proteins secreted by virus-infected cells (Tizard, 2009, p. 398).
In the pigs, even though immune complex clearance is complement dependent, the
main site of elimination is in the lungs. This is in contrast to humans where the
complement plays a crucial role in clearing immune complexes. In humans, the
complexes are tagged to red blood cells and are removed through the liver and
spleen (Pastoret, 1998).
1.4.2. Adaptive Immune System
The innate immune system as the first line of defence prevents pathogens from
growing freely in the body. However, it does not have the ability to recognise
specific pathogens and to provide the response mechanisms that prevent reinfection
(Janeway, et al., 2005, p. 34). The role of the adaptive immune system provides long
lasting memory of a specific pathogen and prevents reinfection. (Tizard, 2009, pp. 56). Adaptive immunity consists of humoral and cell mediated arms. Humoral
immunity is antibody mediated whilst cell-mediated immunity is primarily T cell
based (Janeway, et al., 2005, pp. 24-26).
1.4.2.1.

Cells of the adaptive immune system
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Lymphocytes are the primary cell type in the adaptive immune system. They
originate from the stem cells in the bone marrow (Tizard, 2009, p. 9). Lymphocytes
differentiate into various cell types based on the site of maturation. Lymphocytes
mature in the primary lymphoid organs which include the bone marrow and the
thymus.
In the bone marrow, lymphocytes develop into B cells which when activated,
develop into antibody-producing plasma cells (Thacker, 2004). B cells interact with
pathogens found in extracellular spaces (Thacker, 2004). T cells are produced in the
thymus which are further differentiated into cytotoxic T cells and helper T cells
(Thacker, 2004). The function of T cells is to recognize foreign antigen derived from
pathogens that have entered into host cells and bound to the major histocompatibility
complex (MHC) (Pastoret, 1998). (Tizard, 2009, p.101). The secondary lymphoid
organs consist of lymph nodes, Peyer’s patches in the small intestines, spleen and
various mucosal associated lymphoid tissues (Thacker, 2003). The function of the
secondary lymphoid organs is to process antigens and lymphocytes which help to
mediate the immune responses.
An anatomical aspect of a pig’s immune system includes inverted lymph nodes with
a dense medulla which lacks sinuses and cords (Binns, 1982). This inverted structure
of the lymph node is not exclusive to the pigs. It is also found in the rhinoceros,
dolphin, hippopotamus and warthog (Binns, 1982). Even though the structure is
inverted, many lymph node functions of pigs do not differ from those of other
species (Binns, 1982).
In most species, lymphocytes travel to the secondary lymphoid organs through
blood. If they do not meet any appropriate antigen as they circulate through the
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organs, they will exit through lymphatic vessels (Thacker, 2003). In pigs however,
the lymphocytes enter the lymphoid organs through the lymphatic vessels and exit
into blood. Pig lymphocytes are therefore largely confined to the bloodstream
(Tizard, 2009, p. 123).
1.4.2.2.

Structure and Function of antibodies

Antibodies are large Y-shaped protein molecules and are made of 4 polypeptide
chains (2 heavy and 2 light chains) (Fig 1.1) (Janeway, et al., 2005, p. 104). The
biological function of antibodies is to bind to pathogens and their products in the
extra-cellular spaces of the body and to facilitate their removal from the body
(Janeway, et al., 2005, p. 103).
Figure 1.1. Immunoglobulin or antibody molecules are made up of two types of
protein: heavy chains and light chains which are joined by disulphide bonds.
(Janeway, et al., 2005, p. 105).

Each antibody molecule is made up of 2 distinct regions, the variable (V) region that
binds to antigen and the constant (C) region that is responsible for the effector
function (Thacker, 2004). The constant region determines the type of immune
response elicited and is responsible for the 5 different types of immunoglobulins
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(IgG, IgM, IgD, IgA and IgE). Table 1.1 shows the concentration of Igs in porcine
body fluids (Roth & Thacker, 2006, p. 21).
Table 1.1. Concentration of porcine immunoglobulins (Igs) (mg/ml) in body fluids.
(Roth & Thacker, 2006, p. 21).

In the structure of the antibody, the heavy and light chains each have V and C
regions with each differing in amino acid gene sequences (Tizard, 2009, p. 177). The
number of V gene regions in light chains of humans is 70 and the number of V gene
regions in pigs is currently unknown (Thacker, 2004). Antibody repertoire increases
when the V regions of heavy and light chains combine to form antigen-binding sites.
This process called gene recombination is the first step in creating antibody diversity
(Tizard, 2009, p. 183). Many diverse antigen receptors in immature B cells are
formed from this process. The specificity of BCR to an antigen is further enhanced
through the process of somatic mutation where point mutations occur at specific
regions of the variable regions of the light and heavy chains (Tizard, 2009, p. 186).
This enables activation of antibody producing cells or otherwise called affinity
maturation which is highly specific to the antigen (Thacker, 2004).
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Through the period of exposure to a pathogen, the constant region found in the
antibody molecule can change (Thacker, 2004). IgM is the first antibody produced in
response to an antigen. Depending on the stimulation and presence of cytokines in
the environment, IgM can undergo isotype switching to one of the other types
(Thacker, 2004).
1.4.2.3.

Types of immunoglobulins

There are 5 antibody or immunoglobulin classes described in pigs: IgG, IgM, IgA,
IgD and IgE (Butler, et al., 2009). In comparison to other domestic animals, the
normal reference range of the Ig levels appears to be much higher than in other
species (Tizard, 2009, p. 172) (Table 1.2). The reason for this is not known. Halflives of Igs are 8-10 days for IgG, 2-3 days for IgA, 3-4.5 for IgM (Butler, et al.,
2009; Thacker, 2004). Half-lives of IgD and IgE are unknown. Data of normal
reference range of Ig levels and half-lives of Ig seem to vary depending on the study
(Kitching & Salt, 1995). This variability is most likely due to the different methods
used for measurement and the dilution effect of increasing blood volume during
growth (Kitching & Salt, 1995).
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Table 1.2. Serum Ig levels in domestic animals and human.
(Tizard, 2009, p. 172).

1.4.2.3.1.

Immuglobulin G (IgG)

The main role of IgG is to opsonize pathogens for engulfment by phagocytes and to
activate the complement system which forms part of the innate branch of the
immune system (Janeway, et al., 2005, p. 103).
IgG is found to be the principal isotype in the extracellular fluid, body tissues and
blood (Janeway, et al., 2005, p. 392). More than 80% of the Igs are present as IgG in
serum and colostrum (Roth & Thacker, 2006, p. 21).
The functional role of many IgG subclasses is unknown. Due to the lack of naturally
occurring plasmacytomas, it creates a challenge in separating and identifying the
subclass proteins of immunoglobulins using biochemical procedures (Pastoret, et al.,
1998). There are reportedly six IgG subclasses (Butler, et al., 2009). Two main
subclasses of IgG are IgG1 and IgG2, with IgG1 predominating in serum and
colostrum and IgG3 and IgG4 are found in lesser concentration (Roth & Thacker,
2006, p. 22). IgG3 takes up more than 60% of IgG transcripts in the ileal Peyers
patches and the mesenteric lymph nodes of fetal piglets (Butler & Wertz, 2006).
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IgG diversified into subclasses after speciation. Hence, the effector functions for the
IgG subclasses of each species should not be extrapolated from “same name
subclasses” in other species (Butler, et al., 2009)
IgG can undergo further isotype switching to IgA or IgE based upon exposure to the
type of antigen. However, the switching process is irreversible (Thacker, 2004).
1.4.2.3.2.

Immuglobulin M (IgM)

IgM is a pentamer and it makes up for nearly 5-10% of the total Ig in serum and
colostrum (Roth & Thacker, 2006, p. 22). Due to its structure, it enables the antibody
to activate the complement system easily (Janeway, et al., 2005, p. 397). Hence, IgM
has increased ability to clump up large amounts of antigen quickly. IgM has broad
specificity, high connectivity and low affinity and often cross-reacts with selfantigens (Butler, et al., 2009).
1.4.2.3.3.

Immuglobulin A (IgA)

The structure of IgA is mostly dimeric with a J chain and associated secretory
component (Roth & Thacker, 2006, p. 22). IgA is the most abundant Ig present in
the porcine immune system compared to other classes of Ig (Roth & Thacker, 2006,
p. 22). Most of the IgA are found on mucosal surfaces, including the epithelium
lining the intestinal and respiratory tracts rather than in the serum (Janeway, et al.,
2005, p. 390). Ig A is a less effective opsonin compared to IgG and hence a weak
activator of the complement system (Janeway, et al., 2005, p. 390). The main
function of IgA is to act as a neutralising antibody and the main site of action is on
epithelial surfaces where complement and phagocytic cells are not usually present
(Janeway, et al., 2005, p. 390). A neutralising antibody is an antibody that binds to
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receptor-binding site on the toxin molecule which binds to a host cell (Janeway, et
al., 2005, p. 392).
1.4.2.3.4.

Immuglobulin D (IgD)

IgD is a B cell receptor mainly found attached to B cells and very little is secreted
into the blood (Tizard, 2009, p. 173). Very little is known about the function of IgD.
IgD molecules consist of two δ heavy chains and two light chains but are otherwise
structurally diverse. Pig IgD has a short hinge coded for by a single exon. The C δ1
domain is almost identical to the Cµ1 domain of IgM, whereas the other constant
domains are distinctly different (Tizard, 2009, p. 174). In comparison to the other
immunoglobulin classes, IgD shows many variations in structure (Butler, et al.,
2009).
1.4.2.3.5.

Immuglobulin E (IgE)

IgE is typically Y-shaped, four-chain structure and is present at very low levels in
blood or extracellular fluids (Tizard, 2009, p. 173). IgE activates acute inflammation
by behaving as a signal transducer (Tizard, 2009, p. 173). IgE levels are enhanced
especially when met with a parasite challenge (Tizard, 2009, p. 173). It is bound
tightly to receptors on mast cells that are located just beneath the skin and mucosa
and other body surfaces (Janeway, et al., 2005, p. 403).
Porcine IgE is shown to have the same physicochemical properties as in other
species and its biological function is lost when it is subjected to mild heat treatment
like 56 o C (Roth & Thacker, 2006, p. 22).

1.5.

Porcine Neonatal Immune System
1.5.1. Neonatal Innate Immune System
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Most components of the immune system of the piglet are present at birth. Piglets in
utero have been shown to be capable of producing antibodies at 70 days of gestation
(Hájek, Kovářů, & Kruml, 1969). However, new–born piglets have a functionally
undeveloped immune system (Rooke & Bland, 2002). There are two primary
immune responses against pathogens - innate and acquired immune systems and they
interact dependently of each other (Thacker, 2003).
When a newborn piglet is exposed to infectious agents, it will take 7-10 days for a
primary antibody immune response to develop. Prior to that, the immediate course of
action is taken by the innate defence mechanism and the passive transfer of
antibodies from sow to piglet (Roth & Thacker, 2006, p. 24). The efficiency of
phagocytosis which is dependent on complement complexes and antibodies to
opsonise the infectious agents may be reduced due to inadequate levels of
complement and antibodies. Low levels of complement are present in neonatal pigs
and the serum hemolytic activity reaches adult levels by one week after birth
(Pastoret, et al., 1998). Colostral uptake is found to be the contributing factor as
piglets not consuming colostrum have lower levels of serum complement (Rice &
L'Ecuyer, 1963).
In addition to complement, levels of cytokines such as interferons are also initially
low and increase with age. For example, interferon alpha production was shown to
be low at birth and to gradually increase until adult age, with a significant rise
around puberty (Nowacki, Cederblad, Renard, La Bonnardiere, & Charley, 1993).
Phagocytic cells including macrophages are present at birth in a piglet but have
reduced activity (Roth & Thacker, 2006, p. 24). The total peripheral white blood cell

38

count in newborn piglets is made up of approximately 60% neutrophils and 38%
lymphocytes (Pastoret, et al., 1998). This ratio is reversed at 10 days after birth.
1.5.2. Neonatal Adaptive Immune System
In the adaptive immune system, most aspects of the cellular and humoral immune
system in the piglet are immature at birth (Rooke & Bland, 2002; Roth & Thacker,
2006, p. 24). T lymphocytes are present in lower numbers in the lamina propria of
intestine at birth than at 4 weeks of age (Gaskins, 1998). The numbers of antigenpresenting cells were found in low numbers in the newborn piglets (Gaskins, 1998).
Immunoglobulins can be detected in the blood of newborn pigs but they do not exist
in the same molecular form as present in mature animals (Bianchi, Zwart, Jeurissen,
& Moonen-Leusen, 1992). Piglets are born with relatively limited B cell diversity
(Tizard, 2009, p. 224). B cell populations start to increase during the first 4 weeks
after birth but their antigen-binding repertoire does not begin to expand until 4-6
weeks of age (Tizard, 2009, p. 225). There are antibodies that are less specialised to
modify and target pathogens. Affinity maturation and somatic mutation in B cells are
most likely to occur in the lymph nodes and germinal centres of the spleen (Pastoret,
et al., 1998).
1.5.3. Transfer of maternal immunoglobulins across the placenta
structure
The transfer of maternal immunoglobulins to piglets in utero during gestation does
not occur as readily as it does in humans. This is mainly because the morphology of
the epitheliochorial placenta of the pig is different from that in humans. The placenta
in the pig is a six tissue layer structure (Fig. 1.2) and separates the maternal and fetal
circulation (Rothkotter, 2009) (Fig. 1.3). As the six tissue layered placenta prevents
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ready transfer of maternal antibodies during gestation, the dam’s colostrum provides
the major source of immunoglobulins for neonates immediately after birth.

Figure 1.2. Histological Layers of an epitheliochoral placenta
(Woodall, Livesay & Miller, 2002, pp. 9-10).
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Figure 1.3. Placenta and foetus of the sow
(Woodall et al., 2002, pp. 9-12).

Amnio-Allanto Chorion

Amnio
n

Allantois

Umbilicus

1.6.

Aims of the project

High pre-weaning mortality is costly, causing high production losses for pig farmers.
Improving piglet health and survival by plasma therapy will be very beneficial in
terms of increasing the number of viable and healthy pigs going through to market.
The aims of this study are to determine the following:
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-

Efficacy of plasma therapy in neonatal piglets by assessing the weight gain,
antibody levels and survivability through to weaning.

-

Optimal timing, dose and route of plasma administration to piglets.
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Chapter 2 : General Methodology
2.1 Animal housing and husbandry
The study (described in chapter three) was conducted in New South Wales, Australia
in a 5300 sow farm using a continuous flow production system. Studies (described in
chapters four and five) were both conducted in same 1500 sow farm in New South
Wales, Australia. Sows used in all studies were a hybrid of the Large White and the
Landrace breeds (PrimeGro Genetics Sire).
Within 24 hours of birth, each piglet had its tail docked and was given a 1ml iron
injection (Ferriade, BOMAC Laboratories Ltd, New Zealand). By day 4 of age, the
piglet would have received 2ml intramuscular (IM) injection of RespiSure® (Pfizer
Animal Health, Australia) and 1ml of Baycox® (Bayer Animal Ltd, Australia)
orally. RespiSure is a vaccine for pigs in the prevention of chronic pneumonia
caused by Mycoplasma hyopneumoniae. Baycox aids in the control of coccidiosis
caused by Isospora suis. The piglets remained with the sow from birth till they were
weaned at 28 days. At 3 weeks of age, the piglets were dosed orally with Enterisol®
(Boehringer Ingelheim Pty Ltd, Australia) and given an intranasal Actinobacillus
pleuropneumoniae (APP) live vaccine (ACE laboratories, Bendigo, Australia).
At weaning, the piglets were moved to the weaner shed where they stayed for 6
weeks. It was a conventional naturally-ventilated shed thermostatically controlled at
28oC. The weaners were group housed in a space of 0.46m2/pig.
During the first week, the weaner pigs were offered feed ad libitum of a superstarter
diet (15.4 MJ DE/kg; 1.58% lysine), then a first stage weaner diet (14.7 MJ DE/kg;
1.54% lysine) for the next two weeks and finally a second stage weaner diet 14.5 MJ
DE/kg; 1.38% lysine) for the last three weeks. At 10 weeks of age, piglets were
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moved from the weaner to the grower sheds. Grower pigs were housed in a naturally
ventilated shed with 0.54m2/pig. The pigs were fed second stage grower (13.8 MJ
DE/kg; 1.13% lysine) diet for the next 7 weeks. After 7 weeks, the pigs were moved
to the finisher shed with a floor space of 0.76m2/pig. The finisher pigs were fed
second stage finisher diet (13.8 MJ DE/kg; 0.84% lysine) for 5 weeks until market.
Male pigs were injected with 2ml of Improvac® (Pfizer Animal Health, Australia)
intramuscularly at 14 weeks of age, followed by a booster injection 3 weeks later.
From selection at 20-22 weeks of age, breeder gilts were group housed in
conventional sheds at 0.9m2/pig. They were vaccinated with PLEvac® and ECOvac®
(Intervet/Schering-Plough Animal Health, Australia) and were given a booster four
weeks later. PLEvac® is vaccine to protect pigs against parvovirus, leptospirosis and
erysipelas. ECOvac® is vaccine to protect against Escherichia coli. They were then
moved to the boar shed for mating at 30 weeks of age (145kg in weight). The sows
were then transferred to the dry sow shed where they were housed in single stalls for
less than 7 days. For the remainder of the gestation period, sows were group housed
in eco-sheds with straw as bedding, with a space allowance of 2.5m2/pig. The sows
were fed 2.7kg once a day with gestation diet (13.0 MJ DE/kg; 0.60% lysine). At 13
weeks of gestation, sows were vaccinated with Lepto-Eryvac® (Pfizer Animal
Health, Australia), ECOvac® (Intervet/Schering-Plough Animal Health, Australia)
and an autogenous Haemophilus parasuis vaccine (ACE laboratories, Bendigo,
Australia). Lepto-Eryvac® is a vaccine for prevention of leptospirosis and control of
erysipelas. Gilts were given the three vaccines at 10 and 13 weeks of gestation. At
110 days of gestation, the sows were moved to the farrowing house and each sow
placed in a single farrowing crate with an area of 3.22m2. They were fed a high
energy lactation diet (14.74 MJ DE and 0.86% lysine) at 3kg/day until they
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farrowed. After farrowing, the sows were fed ad libitum. Water was available at all
times and each pen allowed unrestricted access to water troughs.
There were two common conditions where piglets required medication. Piglets
displaying lameness were treated with an anti-inflammatory (Metacam®, Boehringer
Ingelheim Pty Ltd, Germany) and an antibiotic (Propercillin, Illium Veterinary
Products, Australia). E. coli was the most commonly isolated pathogen in nursing
piglets with diarrhoea. Treatment involved oral drenching with Scourban (Bayer
Australia Ltd, Australia) in diarrhoeic piglets and administration of lincospectin
(Pfizer Animal Health, Australia) in more severely affected piglets that were losing
body condition. Lincospectin was administered IM and dose rate was 15mg/kg. A
drinker was placed and filled twice daily with an electrolyte solution in any
farrowing crate with piglets suffering from diarrhoea. The electrolyte solution was
made up of 200 g VEANAVITE Veanalyte powder (Rivalea Australia Pty Ltd,
Australia) + 1 L red cordial + 40 L water. All deaths from the piglets involved in the
study were recorded and necropsies were performed.

2.2 Blood samples collection and storage
Blood samples were taken from the external jugular veins and different methods of
restraint were used depending on the size of the animal. For pigs weighing less than
20kg, the pig could be placed on an assistant’s lap. The assistant would hold the
forelegs of the pig (Figure 2.1). The person taking the blood sample would support
the pig’s head with one hand and take the blood sample with the other. For animals
weighing more than 20kg, the animal was restrained by using a snout rope and
stretching the neck upwards (Figure 2.2). Blood was then collected either into a 2ml
or 8ml red top serum tube (BD Vacutainer®, UK) for a piglet or a sow respectively.
The sample was refrigerated overnight for clotting prior to centrifugation. The
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sample was then centrifuged at 704 x g for 15 minutes at room temperature. Serum
was then collected and stored in Eppendorf tubes at -20oC.

Figure 2.1. Blood collection for pigs less than 20kg.

Figure 2.2. Blood collection for pigs greater than 20kg.
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2.3 Collection and processing of porcine plasma
Blood was collected from donor sows at an abattoir in Laverton, Victoria. Donor
sows were individually identified at the abattoir by their ear tags. Donor sows were
from the same farm as the piglets. Only healthy sows inspected by Australian
Quarantine and Inspection Service (AQIS) officers at the abattoir and with normal
rectal temperatures of 38.8oC ± 0.30 oC were used as donor sows.
The blood collection was approved under APVMA permit PER11959. The blood
was collected in cleaned and disinfected 20 litre containers. These containers were
disinfected with Terminator (Active ingredients: Glutaldehyde 15% and
Cocobenzydimethylammonium chloride (QAC) 10%) at a ratio of 1:150. Buckets
were then rinsed twice with water and then air dried. The container was lined with an
anticoagulant, EDTA; 10g of EDTA was dissolved in 120ml of distilled water.
Approximately 10 litres of blood from each sow was collected in the EDTA lined
container. The containers were then sealed and transported to an APVMA approved
laboratory for plasma processing (ACE Laboratory Services, Australia). At the
laboratory, the porcine blood was stored overnight in the fridge at 4⁰C to allow cells
to settle. The liquid portion (containing the plasma component) of the blood was
then decanted and spun in refrigerated centrifuge (Spintron, Australia) at 1328 x g
for 30 minutes. It was then poured through a sieve before centrifuging again for a
further 10 minutes at the same speed. The plasma was filtered by using a method of
pressurized filtration by forcing the plasma through 3 filters (5 to 0.2 microns)
(Sartorius, Germany) and was packed into non-pyrogenic, gamma-sterilized bags.
The processed plasma was stored at -20oC. Each batch of plasma processed
underwent a sterility test in the laboratory before being released for use.
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2.4 Porcine plasma administration
Frozen plasma bags are thawed and warmed up to body temperature by placing them
in warm water bath of 30-40oC. Plasma injections were given to piglets at day 1 and
day 3 of age. Injections of up to 10ml plasma (depending on the experiment) were
given intramuscularly (IM). For the 10ml porcine plasma injections, a total of 4
injection sites were used on each piglet; 2.5ml of porcine plasma were given IM on
each side of the neck and thigh muscles. The piglets were monitored at the time of
injection to assess any effects that may be caused from the injections. No side effects
from the plasma injections were observed in the piglets. No signs of lesions were
found and the piglets appeared normal and were suckling.
All experiments were performed under the guidelines of The Australian Code of
Practice for the care and use of animals for experimental purposes (NHMRC, 2004).
The experiments had received approval from the Charles Sturt University Animal
Ethics Committee and also from the farm’s Animal Ethics Committee.

2.5. IgG, IgM and IgA ELISA
An indirect ELISA was used to detect and measure immunoglobulins in serum or
plasma samples. The ELISA kit (Bethyl Laboratories Inc, USA) was chosen for this
study as it was a standard commercial kit used in previous research studies (Broom,
Miller, Kerr, & Knapp, 2006; Hyland, Foss, Johnson, & Murtaugh, 2004; Kaiser,
Christopher-Hennings, & Nelson, 2000). Porcine IgG, IgA and IgM ELISA
quantitation kits (Bethyl Laboratories Inc, USA) were used to measure the amount of
each of the immunoglobulins present in the samples.
The components of the Pig IgG, IgM and IgA Bethyl ELISA kits which were used
included the affinity purified capture antibody, the isotype reference serum standards
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and the conjugated detection antibodies. A series of sample and HRP antibody
dilutions for IgG, IgM and IgA were carried out respectively (Table 3.1, 3.2 and
3.3).
Microtitre plates (96-well) (NUNC MaxisorpTM, ThermoScientific) were coated with
affinity purified goat antipig IgG, IgM or IgA antibody diluted in 0.05M carbonatebicarbonate buffer and incubated for 1 hour at room temperature. The plates were
washed 5 times with 0.05% Tween 20 in Tris buffered saline (TBST20). The plates
were then blocked with 1% bovine serum albumin (BSA) in Tris buffered saline for
30 minutes at room temperature. After the plates were washed 5 times with TBST20,
serum sample dilutions optimized for IgG, IgA and IgM were diluted with 1% BSA
in Tris buffered saline and 10% Tween 20 (BSA-TBST20). An aliquot of 100µl of
the diluted sample was added to each well of the IgG, IgM and IgA plates. Isotype
reference serum standards diluted in BSA-TBST20 were added to the corresponding
plates and incubated for 1 hour at room temperature. Concentration of reference
standards after dilution: (IgG: 10,000, 500, 250, 125, 62.5, 31.25, 15.6 and 7.8
ng/ml; IgM: 1000, 500, 250, 125, 62.5, 31.25, 15.6 ng/ml; IgA: 1000, 500, 250, 125,
62.5, 31.25, 15.6 ng/ml). After washing 5 times with TBST20, the appropriate goat
anti-pig immunoglobulin (1mg/ml) conjugated to horseradish peroxidase (HRPantibody) was added to the corresponding plates at the respective working dilution
for IgG, IgM and IgA with BSA-TBST20 for 1 hour at room temperature. After
washing 5 times with TBST20, 100µL of tetramethylbenzidine (TMB) (Kirkegaard
and Perry) was added as a substrate solution to each well, the plate was placed in the
dark at room temperature for 15 minutes. In order to stop the reaction 100 µL of
2mol/L sulphuric acid was added to each well The plates were read at 450nm on a
VersaMaxTM microplate reader (Molecular Devices, USA).
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A standard curve was based upon the absorbance values of the reference standards
versus concentration. Average optical density (OD) values were plotted on the y
axis, and the corresponding known immunoglobulin concentrations of the standards
were plotted on the x axis. Linear regression analyses were conducted on the OD
readings for the best predicted values of Ig quantification. The software AssayZap
V3 (Biosoft, UK) was used for the processing of the data collected from the
microplate reader. Duplicate OD values were obtained for each sample and
transferred to AssayZap. The concentration of each sample was obtained from the
graph, multiplied by the dilution factor to determine the actual Ig concentration.

2.6. Tetanus toxoid ELISA
An indirect ELISA using a tetanus toxoid antigen was used to determine the tetanus
toxoid-specific IgG levels in the sera from pigs and piglets in this study. The ELISA
was performed as follows: The 96-well plate (NUNC MaxisorpTM,
ThermoScientific) was coated with 50uL of carbonate coating buffer containing 0.5
limit of flocculation units (Lf) tetanus toxoid (Miller, 2008). The plate was incubated
overnight at 4oC. The antigen-coated plate was washed five times with deionized
water and 0.05% Tween 20 (Sigma) before adding porcine serum samples at a 1:50
dilution and incubated at 37oC for one hour. The plate was then washed five times as
described above. An aliquot of 50uL of anti IgG (HRP conjugated) antibody (goat
anti-pig IgG antibody; Novus Biologicals) diluted 1:10,000 in PBS was added to the
wells. Following incubation for 1 hour at 37oC, the plate was washed five times and
100uL of substrate was added to each well. The substrate was prepared by adding
10uL of hydrogen peroxide to 22ml of 2,2’-azino-bis(3 ethylbenzthiazoline-6sulphonic acid). The plate was incubated on a plate shaker for 20 minutes before
stopping the reaction with 50uL of ABTS stopping solution. Optical density (OD)
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values were read in a VersaMaxTM microplate reader (Molecular Devices, USA) at a
wavelength of 405 nm. Both negative and positive controls were added to each plate
used. The positive control plasma used was obtained from the pooled donor sow
plasma from pigs vaccinated with Equivac T. The negative control plasma was
taken from the pooled plasma obtained from sows that did not receive the Equivac
T vaccine.

2.7. Statistical Analysis of data
All data were analysed using ASReml-R software (Butler, et al., 2007). Analysis of
covariance was performed using a linear mixed model. Statistical analysis of the data
was undertaken to relate the results observed in the sample to the population and to
reduce the variability of factors such as sow, foster sow and other effects.
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Chapter 3 : Proof of concept of plasma treatment in
neonatal piglets and immunoglobulin quantification
in five porcine age groups
3.1. Introduction
Anecdotal evidence has shown that giving serum to runt piglets of less than average
birth weight reduced preweaning mortality. Normantiene, et al. (2000) reported a
20% decrease in preweaning mortality of runt piglets when autogenous serum, or
porcine serum obtained from the same farm was administered to these piglets.
A pilot study was designed on this current farm to establish the proof of concept of
plasma therapy in underweight neonatal piglets. Gilt and runt litters were included in
this study. A gilt litter is the first set of piglets borne by a female breeding pig and a
runt litter is made up of weak and undersized piglets (Blood & Studdert, 1999, p.
1003). Gilt-born piglets have been found to have higher mortality rates and are
lighter in birth weight than piglets born to sows (Miller, 2008). These litters were
targeted in the study to improve their chances of survival.
The outcome from this study was used as the basis to optimise the setup of a further
study (the main experiment described in chapter 4) which would be undertaken in a
larger sample size.
Immunoglobulin (Ig) levels in pig serum are used as an indicator of the immune
status of the animal. IgG, IgM and IgA are the three main antibody classes in the
porcine humoral system that have been described to date (Roth & Thacker, 2006, pp.
21-22 ). Antibody classes IgD and IgE are found in very small amounts in porcine
blood (Tizard, 2009, p. 173) and hence levels of these antibodies were not assessed
in this study.
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The aim of the Ig quantification was to measure the amount of Ig in each of the age
groups of sows selected so that the age group which had the highest immunoglobulin
levels could be used as the donors for plasma collection for the experiment described
in Chapter 4.
Serum samples in 5 age groups from the different stages of pig production were
collected for immunoglobulin (Ig) quantification. Prior to testing the samples by
ELISA, it was essential to optimise the ELISA (e.g. calibrate the dilution factors for
the sample and HRP conjugated secondary antibody) in order to obtain robust data in
this study.
The objectives of the experiment described in this chapter are:
1) Identify group of sows with highest levels of Igs for use as donor group (to
obtain plasma for the study)
2) Evaluate whether the intramuscular (IM) administration of porcine plasma to
neonatal piglets can enhance growth performance and reduce mortality.

3.2. Methodology
Pilot plasma therapy study

The study was conducted in a 5300 sow commercial farm in New South Wales. One
hundred and sixty-four piglets (Large White x Landrace, PrimeGro™ Genetics) were
selected within 24 hrs of birth (total 15 litters, average sow parity 1.4). Eleven gilt
and four runt litters were designated for the pilot study and half of each litter was
randomly selected to receive plasma injections and the other half would have no
treatment (control group). Minimal fostering was conducted within 24 hours of birth
if required. Gilt-born piglets were kept with their birth sow as much as possible as
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long as all piglets had access to a viable teat. The runt litter was made up by
gathering the runt piglets in the shed and placing them with a foster sow.
Within each litter, piglets were randomly allocated to either the control or treatment
group. Control piglets were left untreated, while the treatment piglets received 5 ml
of porcine plasma at days 1 and 3 via intramuscular injection into the neck. The
porcine plasma utilised in the study was collected from culled sows originating from
the same farm and was harvested prior to the study. The sows were culled as part of
routine farm management practice as this study was conducted on a commercial pig
farm.
The donor sows were non-lactating sows with no signs of systemic disease and were
of parity 2-8.
The blood was collected into containers containing dissolved EDTA. Following
collection, the plasma was harvested and subsequently stored at -200C until required.
Piglets were individually weighed within 24 hours of birth, days 7 and 14. Gender of
the piglet and nursing sow identification tags were recorded.
Any deaths which occurred within the 2 week period were recorded by trained
workers at the farrowing shed. Post mortems were conducted and the results were
recorded.
3.2.1. ELISA

The procedure had been described in Section 2.5 titled IgG, IgM and IgA ELISA.
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Table 3.1. List of sample and HRP conjugated secondary antibody dilution factors
used for calibration of IgG ELISA kit.

Ig Type

IgG

Sample
dilution
factor

HRP
conjugated
antibody
dilution
factor
1 in 120,000
1 in 120,000
1 in 120,000
1 in 120,000
1 in 125,000
1 in 125,000
1 in 125,000
1 in 150,000
1 in 150,000
1 in 150,000
1 in 150,000
1 in 75,000
1 in 75,000

1 in 1000
1 in 5000
1 in 10,000
1 in 100,000
1 in 100,000
1 in 200,000
1 in 500,000
1 in 1000
1 in 5000
1 in 10,000
1 in 100,000
1 in 5000
1 in 51,200

Table 3.2. List of sample and HRP conjugated secondary antibody dilution factors
used for calibration of IgM ELISA kit.

Ig Type

IgM

Sample
Dilution
Factor

HRP
conjugated
Antibody
Dilution
Factor

1 in 100
1 in 1000
1 in 8000
1 in 10,000
1 in 100
1 in 1000
1 in 8000
1 in 10,000
1 in 10,000
1 in 20,000
1 in 25,000

1 in 30,000
1 in 30,000
1 in 30,000
1 in 30,000
1 in 75,000
1 in 75,000
1 in 75,000
1 in 75,000
1 in 75,000
1 in 75,000
1 in 500
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Table 3.3. List of sample and HRP antibody dilution factors used for calibration of
IgA ELISA kit.
Ig Type

IgA

Sample
Dilution
Factor

HRP
Antibody
Dilution
Factor

1 in 50
1 in 100
1 in 2000
1 in 4000
1 in 50
1 in 100
1 in 2000
1 in 4000
1 in 10,000
1 in 12,000
1 in
100,000

1 in 30,000
1 in 30,000
1 in 30,000
1 in 30,000
1 in 75,000
1 in 75,000
1 in 75,000
1 in 75,000
1 in 75,000
1 in 75,000
1 in 75,000

3.2.2. Quantification of IgG levels in five porcine age groups

IgG levels were measured to obtain an overview of antibody levels present in pigs in
different age groups. Five different age groups of pigs were selected and 20
individual serum samples were collected from each of the following groups: 10 week
old, 20 week old, Parity 1, Parity 5 and gilts at 6-9 weeks of gestation: the method of
collection has been described in Chapter 2. The results were analysed using the
analysis of variance with ASReml-R software (Butler, Cullis, Gilmour, & Gogel,
2007)
3.2.3. Determination of weight gain in piglets

Weekly weight gain was analysed with a linear mixed model using REML with birth
weight, treatment type, day of treatment, piglet gender and litter type (gilt or runt)
included as fixed terms. Nursing sow number was fitted as the only random term.
The data were analysed using ASReml-R software (Butler, et al., 2007). All
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interactions were investigated and non-significant interactions (P > 0.05) were
excluded from the final model.
3.2.4. Survival of piglets

Survival at weaning was analysed using a generalized linear model, based on the
binomial family with a logit transformation, in the statistical analysis program R
(Team, 2010). Litter type, birth weight, piglet gender, treatment type were included
in the starting model along with all their interactions. The nursing sow was also
included as a main effect in the model.

3.3. Results
3.3.1. Optimisation of IgG ELISA

Sample dilution of 1 in 5000 and HRP conjugated secondary IgG antibody dilution
of 1 in 75,000 were used for the experiment (Table 3.1). Many OD values could not
be determined as they fell outside the limits of the standard curve.
3.3.2. Optimisation of IgM ELISA

A range of dilution factors for the sample from 1 in 100 to 1 in 25,000 and for HRP
conjugated secondary antibodies from 1 in 500 to 1 in 75,000 was used (Table 3.2).
Many of the OD values could not be determined as they were outside the range of
the standards (see ELISA plate readings in Appendix).
3.3.3. Optimisation of IgA ELISA

A series of experiments were performed to optimise the sample dilution factor and
secondary antibody concentrations for the detection IgA (Table 3.3). More than half
of the OD values could not be read as they were outside the range of the standard
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curve. The OD values of the standard curve were found to be variable over several
calibration experiments. The IgA ELISA results could not be interpreted.
Many attempts were made including using various dilution factors of the reagents
and samples based upon previous publications (Broom, et al., 2006; Hyland, et al.,
2004) and personal communication from other researchers who had used this kit in
the past (John Pluske, Murdoch University, Australia).
Due to time constraints the decision was made to focus on measuring only one type
of Ig which is IgG in this project. As IgG is the main immunoglobulin component of
sow serum and colostrum, the level of passive immunity conferred through plasma
treatments could be assessed by measuring IgG levels in the neonatal piglets (Curtis
& Bourne, 1971).
3.3.4. IgG quantification of 5 porcine age groups

The IgG levels among the different age groups were similar and the values of IgG
were in the range 2.0-2.3mg/ml. These values were much lower than the previously
observed reference values of 24.3 ± 0.94 (mg/ml) of IgG in the adult sow serum as
shown in Table 1 (chapter 1). Some samples could not be determined due to the
values being outside the detection range of the ELISA. The results indicated a trend
of Parity 1 pigs having the highest IgG levels among the 5 age groups and with
Parity 5 having the lowest IgG levels (Table 3.4). Further studies are required to
determine why parity 1 had the highest IgG levels as compared to parity 5.
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Table 3.4. Average IgG quantification of 5 porcine age groups.

Age group

Parity
1
gestation)

IgG concentration,
mg/ml

(6-9

weeks

2.30 ± 0.12

Grower – 10 week old

2.11 ± 0.17

Gilt (6-9 weeks gestation)

2.07 ± 0.12

Finisher - 20 week old

2.05 ± 0.14

Parity
5
gestation)

(6-9

weeks

2.02 ± 0.12

3.3.5. Effect of plasma therapy on weight gain

The administration of porcine plasma to piglets during the first week of life did not
have any effect on their growth performance in the 2 week study period. The nursing
sow did have a significant influence on the weight gain of the piglets (P<0.05) which
would most likely be due to differences in individual sow’s milk production. The
weight gain of piglets was dependent on the type of sow (mother of runts vs gilts)
from which the piglets were suckling. The average sow parity used in this study was
1.4. The average birth weight of the runt piglets was found to be 0.98kg ± 0.18 and
the average weight of gilt-born piglets was 1.42kg ± 0.36. The interaction between
litter type and birth weight was shown to be significant to the weight gain of piglets
(P<0.05). Runt piglets were found to have a higher predicted weight gain than the
gilt-born piglets in the 14-day period (see Figure 3.1).
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Figure 3.1. Predicted weight gain of gilt (G) and runt (R) litters from birth to day 14.
The analysis was undertaken using a linear mixed model – after accounting for the
variability due to foster sow and birth sow, the predicted mean weight gain of the gilt
and runt litters are shown. The dashed lines are the 95% confidence intervals of the
predicted values.
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3.3.6. Survival of piglets following plasma therapy

Mortality was slightly lower in piglets treated with porcine plasma than the control
group (12.3% vs 16.9% respectively) but this difference was not statistically
significant. Main causes of death in order of highest frequency were due to
unthriftiness (68%), overlay (20%) and diarrhoea (12%). Survival was dependent
upon the interaction between the treatment and the type of litter (P<0.05). The link
between gilt or runt piglets and the amount of plasma or control given was
considered vital. Birth weight was found to be very important for survival (P<0.05).
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Lower birth weight piglets had lower survival rates than piglets of heavier weight at
birth.

3.4. Discussion
The results of the IgG quantification showed parity 1 sows to have the highest IgG
level with Parity 5 having the lowest. However, this observation was based on a
small sample size and further investigation needs to be based on larger sample sizes.
No statistical analysis was conducted as the sample size was not large enough to
obtain statistically significant data. The differences in IgG levels among the different
age groups were minimal and the values of IgG were in the range 2.0-2.3mg/ml.
These values were much lower than the previously observed reference values of 24.3
± 0.94 (mg/ml) of IgG in the adult sow serum as shown in Table 1 (chapter 1).
Similar levels of IgG in the various age groups could be due to all animals being
housed in a continuous flow environment within the same farm and therefore likely
to be exposed to similar pathogen loads. It was expected that IgG levels could be
highest in grower pigs as they had been moved to a new environment from the
weaner to the grower shed (Tony Fahy, Department of Primary Industries, Victoria,
Australia). They would be expected to mount an active immune response against any
enteric or respiratory pathogens in the new shed as the maternally derived immunity
decreased. Dam parity appeared to have no effect on IgG levels of the sows in this
experiment.
Lack of reproducibility of results was observed during a prolonged series of attempts
at calibrating the ELISA kits. The range of detection of the ELISA kit makes it
difficult to determine samples which have very high values that fell outside of the
reference range. Inconsistent results using this same Bethyl ELISA kit were also
reported in another study in which three diagnostic techniques to measure porcine
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IgG were assessed (Canning & Blackwell, 2011). This indicates that this kit may not
be the most suitable method for determining antibody levels in porcine serum.
Overall, there was no significant evidence to demonstrate that the plasma treatment
enhanced the growth performance of the treated piglets. The treated piglets had
similar weight gains to the control piglets over the 14 day trial period.
The interaction of treatment and litter type was found to be important for survival
and the predicted weight gain was higher in runt piglets as compared to gilt born
piglets. However, the number of runt litters used in this study was too low to obtain
statistically significant results. The increase in the predicted weight gain in the runt
litters and the gilt-born litters was only recorded from birth to 14 days. Any weight
gain or loss was not assessed until weaning at approximately 3 weeks. Although the
nursing sow had an effect on the weight gain of the piglets, no additional
information on the sow e.g. number of functional teats per sow or overall health of
sow was recorded to allow further interpretation of the statistical findings.
Birth weight was found to be significant for survival with lower birth weight piglets:
they do not thrive as well as heavier piglets. Previous studies have also shown that
low birth weight in piglets was linked to higher mortality rates (Herpin, Damon, &
Le Dividich, 2002). No negative effects of plasma therapy were observed in plasmatreated piglets indicating that this treatment was safe.
This pilot study on administration of porcine plasma IM to neonatal piglets showed
no significant benefit to overall survival of the piglets.
Although there was no significant benefit as observed in the weight gain of the
piglets, the correlation of treatment and birth weight was found to be important for
survival. There appeared to be some positive effect of higher birth weight piglets on
survival.
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As there was a small sample size used in this study, further investigation using a
larger sample is required to fully evaluate the efficacy of plasma treatment in this
model.
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Chapter 4 : Study to evaluate plasma therapy in
unthrifty neonatal piglets
4.1. Introduction
Neonatal piglet mortality has remained a major issue in pig farming despite
advancement in pig production management over the years. Due to the increasing
demand for pork and pork products in the consumer market, there is pressure to
increase sow productivity. Generally, sows with big litter sizes are selected for
breeding however a big litter size is generally associated with decreased mean birth
weight of the piglets (Robert & Martineau, 2001). Low birth weight piglets, being
smaller in size, have low body energy stores and are more prone to chills (Dividich,
1999). Importantly, these piglets often have less access to colostrum as they would
be less likely to compete effectively with their bigger litter mates to gain access to
the best teats from the sow (Dividich, 1999). As a result of low colostrum intake and
energy stores, higher preweaning mortality is common among these low birth weight
piglets (Herpin, et al., 2002; Quiniou, Dagorn, & Gaudré, 2002).
In the pilot study (see Chapter 3), the results showed that even though there was a
reduction in preweaning mortality in the plasma treated porcine group when
compared with the control group, the results were not statistically significant. The
study described in this chapter involves plasma therapy to reduce pre-weaning
mortality and was evaluated in over 600 low birth weight piglets. Based upon the
observations made in the pilot study, a larger sample size and increased dose of the
porcine plasma was used in this current study.

4.2. Methodology
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The experiment was performed in accordance with the animal welfare requirements
in the Australian Code of Practice for the care and use of animals for experimental
purposes (NHMRC, 2004). This experiment was approved by the Charles Sturt
University Animal Care and Ethics Committee and the farm’s Animal Ethics
Committee (Protocol 10V019C). This main study was conducted in a separate
commercial pig farm in New South Wales.

4.2.1. Plasma Collection

Blood was collected from 13 sows from the same experimental farm in New South
Wales. The blood was collected from these animals at an abattoir in Laverton,
Victoria. The differences in serum IgG levels among five age groups of pigs
(reported in chapter 3) were found to be minimal, and hence the sows were selected
based upon when the production management decided to put them up for the market.
Of these 13 sows, 3 sows were from parity 4, 3 from parity 3 and the remainder were
from parity 2. Approximately 10 litres of whole blood was collected from each sow
at slaughter. Following treatment and processing, the total usable plasma yield was
25% of the original blood volume. Processing of the blood and plasma was
conducted at an APVMA approved lab facility in Victoria. The process of harvesting
and storing plasma is described in Chapter 2.
4.2.2. Experimental Design

The study design was a two treatment comparison and it involved a sample size of
612 piglets (including a control group). Power analysis was performed to determine
the sample size that should be used in order to obtain statistically significant data.
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Piglets in treatment group 1 received two doses of plasma delivered by the
intramuscular (IM) route. Each dose of 10ml of porcine plasma was administered to
piglets at days one and three of age. Piglets in the other treatment group (treatment
group 2) received one dose of 10ml of porcine plasma (IM) at day one of age and
10ml of Hartmann’s solution at day three of age. The control group was given 10ml
of Hartmann’s solution (IM) on both days one and three of age. Given the small size
of a piglet, each 10ml administration of porcine plasma/Hartmann’s solution was
administered in 4 injection sites, i.e., 2.5ml of plasma/Hartmann’s solution was
injected IM on each side of the neck and on each thigh. The piglets were observed
for any side-effects associated with the injections.
The piglets were selected based upon their birth weight range, between 0.8-1.3kg.
This weight range was chosen based upon an internal farm survey of 15,000 pigs
which showed that approximately 40% preweaning mortality was found in
lightweight piglets of this weight range (Cherie Collins, Rivalea, Corowa, NSW,
personal communication). Piglets in this low weight range were chosen for this
experiment so the overall effect of plasma therapy on their survival could be
evaluated. The piglets selected for the study were then fostered to a non-birth dam
and each litter was made up of 9 piglets. All fostering was conducted within 24
hours of birth. Piglets which did not belong to the trial were allowed to remain in
some litters in order to allow for full utilization of the sow’s teats. Three piglets from
each litter were randomly selected for the three groups (two treatments and one
control). All piglets were weighed at 7, 14 and 21 days. Serum samples from the
selected piglets were obtained at days 1 and 3 prior to the injections and at day 7 of
age. Any piglet deaths that occurred during the study were recorded and necropsy
was performed.
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4.2.3. Enzyme linked immunosorbent assay (ELISA)

ELISA was performed using the protocol described in Chapter 3 with the following
modifications: samples were diluted 1in 100,000 and HRP IgG antibody was diluted
1 in 125,000. These modifications were made based upon results from previous
studies that showed improved sensitivity of the assay with these modifications
(Pauline Geale, personal communication).
4.2.4. Statistical Analysis of data

All data were analysed using ASReml-R software (Butler, et al., 2007). This analysis
was undertaken to reduce variability such as effects of other factors (eg. Foster sow
and birth sow).
4.2.4.1. Statistical analysis of IgG concentrations

In order to determine the effect of plasma treatment on IgG concentrations in piglets
over time, a linear mixed model using restricted maximum likelihood was used. The
birth weight, day of treatment and treatment type were used as fixed terms in the
model. Foster sow pen and birth sow number were fitted as random terms in the
model.
4.2.4.2. Statistical analysis of weight gain

The effect of the plasma treatment on weekly weight gain was analysed with a linear
mixed model using REML with birth weight, treatment type, day of treatment
included as fixed terms. Foster sow pen and birth sow number were fitted as random
terms.
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The effect of plasma treatment on total weight gain was analysed with a linear mixed
model using REML with birth weight and treatment type included as fixed terms.
Foster sow pen and birth sow number were fitted as random terms.
4.2.4.3. Statistical analysis of survival rates

The effect of the plasma treatment on survival at weaning was analysed using a
generalized linear model. As the response is binomial (survived- yes or no), a
generalized linear model with a binomial family was used. Birth weight, treatment
type, foster sow pen and birth sow number were included in the analysis. Nonsignificant terms were removed from the model and only the significant terms were
included in the statistical analysis.

4.3. Results
4.3.1. Total IgG levels in piglet serum

The total IgG concentration of serum obtained was in the range of 20-25mg/ml at
day 1 of age before injections and slowly declined to 15-19 mg/ml by day 7 of age
for both treatment and control groups (Figure 4.1). The IgG concentrations of the
piglets are in contrast to the 32.4mg/ml of IgG found in the pooled donor plasma that
was used for the treatment groups.
There was no significant difference between IgG levels in serum obtained from
piglets in the two treatment groups and the control. However, a piglet’s IgG
concentration was influenced by the day on which the sample was taken (P<0.05)
and the birth weight of the piglet (P<0.05). The trend of IgG concentration in piglets
decreased over time from day 1 to day 7 of sampling. There was a positive linear
relationship between birth weight and IgG concentration of the piglet.
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The birth sow and not the foster sow was shown to have an influence on the IgG
levels in the piglet serum at all sampling points (P<0.05). An explanation for this
observation may be due to the occurrence of gut closure prior to fostering. This
would have inhibited milk antibodies from the foster sow being taken up into the
blood.
Figure 4.1. Average IgG concentrations of piglets in the two treatment and one
control groups from day 1 to 7 of age.
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4.3.2. Weights
4.3.2.1. Weekly weight gain

The weekly weight gain of the piglets in the two treatment and control groups
appeared similar (Table 4.1) and there was no statistically significant difference
between the treatment type and weekly weight gain of the piglets. The weekly
weight gain was only influenced by birth weight and age of the piglet (P<0.05).
There was a significant effect due to both the birth sow and the foster sow on
determining the magnitude of the weekly weight gain (P<0.05). The birth sow would
have contributed to the first weekly weight gain through the body fat reserves of new
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born piglets as more than 50% of fetal energy reserves are deposited in the last
month of gestation (Cutler, Fahy, Cronin & Spicer, 2006, pp. 993-1009).
Table 4.1. Average weekly weight gain (kg) of piglets from week 1 to week 3 in
control, 1 dose plasma and 2 dose plasma groups.

Weekly weight gain,

Treatment Type

kg
Control

Group 2

Group 1

(1 dose plasma)

(2 dose plasma)

Week 1

0.59 ± 0.05

0.55 ± 0.05

0.57 ± 0.05

Week 2

0.96 ± 0.04

0.95 ± 0.04

1.00 ± 0.04

Week 3

1.33 ± 0.05

1.34 ± 0.06

1.43 ± 0.05

4.3.2.2. Total weight gain

The total weight gain over the three week period was influenced by the birth weight
of the piglet (P<0.05), with those that were heavier at birth gaining more weight over
this period (Table 4.2). There was also a significant effect due to the foster sow on
the total weight gain of the piglet (P<0.05). The foster sow plays a main role in
contributing to the total weight gain as she was providing milk and therefore energy
and nutrition over the entire study period. From this study, variability in milk
production of the foster sows resulted in some sows having heavier piglets than
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others. Due to time constraints, it was not possible to investigate all individual foster
sow effects on the piglet weight gain.
Table 4.2. Average total weight gain (kg) of piglets from birth to day 21 in control,
1 dose plasma and 2 dose plasma groups

Treatment Type

Total weight
gain, kg

Control

3.43 ± 0.11

Group 1 (2 dose plasma)

3.35 ± 0.11

Group 2 (1 dose plasma)

3.60 ± 0.11

4.3.3. Effect of plasma therapy on survival of piglets

Highest mortality in piglets was recorded in the 2 dose plasma group and lowest in
the control group but this observation was shown to be not statistically significant
(Figure 4.2). The variability in survival probabilities could be explained by the birth
weight of the piglet and the effect of the foster sow. The foster sow would have
nursed the piglets for a longer duration of the experiment (21 days) as compared to
less than 24 hours by the birth sow. However, the piglets would have obtained
maternal antibodies from the birth sow prior to fostering. Most of the piglet deaths
were observed within first 3 days of the trial. This is consistent with normal
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production where the majority of piglet mortality occurs within 72 hours after birth.
The major causes of early death in this study were due to unthriftiness/starvation,
overlays and diarrhoea at 41%, 27% and 22% of deaths respectively.
Figure 4.2. Mortality at day 21 of age of piglets per treatment and control groups
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4.4. Discussion
In this study, it was interesting to note that plasma treatment did not have any effect
on any of the parameters measured, i.e. the Ig levels, weight gain and survival of the
neonatal piglets.
Not surprisingly, heavier piglets were found to be more robust and their higher birth
weight linked to better growth performance. Previous studies have shown that low
birth weight piglets do not thrive as well as their heavier litter mates. This
experiment further supports the observation that the birth weight of piglets is a
crucial determinant in growth and survival.
The birth sow was of significance in the determination of IgG levels, with piglets
from certain sows having demonstrably higher levels of total serum IgG than those
born to other sows. Piglets would have obtained maternal antibodies from the birth
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sow prior to fostering. These antibodies would also have had an effect on the level of
antibodies detected in the piglets in this study. In any future study it would be
important to determine the levels of antibodies in the birth sow as well as the foster
sow.
Other researchers had found that the initial concentration of IgG in colostrum was
very variable even within sows found in the same unit (Klobasa & Butler, 1987).
The cranial teats of the udder were observed to have higher IgG concentrations than
the caudal teats (Rooke & Bland, 2002). As IgG is the predominant Ig present in
colostrum (Bourne & Curtis, 1973), the amount of IgG taken up by the piglets would
be associated with the colostrum obtained from the birth sow within twenty four
hours of birth. IgA is the major Ig in milk after day 3 of birth as IgG concentration
decreased (Klobasa & Butler, 1987). Levels of IgA were reported to be five times
higher than IgG in milk and would therefore contribute more significantly towards
the maternal antibody levels in neonatal piglets (Butler, et al., 2009).
The birth and the foster sow were found to have an effect on the weekly weight gain
of the piglets. The birth sow effect might have the most influence on weight gain
during the first week as the piglets were suckling from the birth dam before being
moved to a foster sow. Based upon the milking abilities of the sows, a high
production of milk would lead to heavier piglets. As the piglets were fostered early
from birth, the foster sow would have an effect on the total weight gain of the piglets
in the three week period before weaning. As further information like number of
functional teats or health and overall condition of each sow were not included in this
study, effects of sow on piglet weight gain could not be interpreted.
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In the previous preliminary study on 164 piglets, there was a reduction of mortality
in the plasma treated group although this was not statistically significant. In this
study, the treatment did not have any effect on piglet survival.
Hartmann’s solution was not the best control fluid used for the study. In future
studies, it is best to use a control such as plasma from which Igs had been removed.
There were some major differences between the pilot study undertaken on the first
farm and main study conducted on the second farm.
A comparison of the two farms showed that mortality occurred most frequently in
piglets weighing between 1.09-1.11kg. Studies conducted by other researchers have
also shown that the piglet birth weight is a good indicator of its survival until
weaning (Herpin, et al., 2002; Quiniou, et al., 2002). The average piglet birth weight
in the farm where the pilot study was conducted was 1.42kg while it was lower in
the farm where the main experiment was conducted (average piglet birth weight was
at 1.13kg).
Maintenance of the immune system is an energy-dependent process (Buttgereit,
Burmester, & Brand, 2000). Just as energy is needed for the maintenance of a pig’s
bodily functions, energy is needed to mount an immune response. The low birth
weight piglets targeted in the main study were weak and prone to pathogen spread as
they were raised in a continuous flow production system with low hygiene levels and
the IgG administered in the plasma therapy may not have been enough to fight off
any infections. This could be one reason why the plasma treatment did not work in
these piglets.
Different farm management practices were conducted at the sites of two trials: 100%
fostering of piglets was conducted in the main study described in this chapter as
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compared to minimal fostering undertaken in the pilot study (described in chapter 3).
The standard of hygiene was lower in the farm where this main study was conducted
and overall commercial preweaning mortality was also higher. No disinfection of
piglet processing trolley and equipment were carried out. Farrowing crates were
washed but not disinfected. With maximal fostering undertaken in this study, there
were increased chances of spreading disease, for example, E.coli infections.
Diarrhoea could have been spread when infected piglets were moved to a foster pen
and piglets from the foster pen would then have picked up any faecal material as
they were moved to another pen. This was evident when 22% deaths were observed
from diarrhoea within the first few days of the experiment described in this chapter.
Cutler et al., (2006, p. 999) had found that generally 16% of preweaning death was
attributed to diarrhoea in an intensive piggery situation, however, the piglet mortality
from diarrhoea in this experiment was found to be much higher.
Starvation appeared to be the main cause of death in this study and this was most
likely attributed to the full fostering practice. Teat order is established by 24 hours
following birth and therefore fostering would lead to increased fighting among the
piglets with some piglets ending up suckling from non-productive teats (Robert &
Martineau, 2001).
Even though the plasma administered in the main study was twice the amount given
in the pilot study, no treatment effects were observed. It should be noted that the
plasma given in the main study had undergone an extra process of filtration and had
an estimated 30% loss of total globulins. it would have been useful to undertake a
dose response trial prior to the main study to determine the dose of porcine plasma
which could best benefit a piglet’s health, however due to time constraints it was not
possible to do this.
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Chapter 5 : A tetanus toxoid model to evaluate
plasma therapy in unthrifty neonatal piglets
5.1. Introduction
The observations from the pilot and main studies showed that plasma treatment on
unthrifty piglets did not make a significant difference to their overall survival.
However, previous research has shown that giving plasma to unthrifty piglets can
enhance their survival rates (Normantiene, et al., 2000). Importantly, little is known
about the levels of antibodies that are transferred to the neonate using this approach.
In this chapter a study was undertaken to investigate the transfer of antibodies to
neonatal piglets using a tetanus toxoid antibody based model. Piglets were given
plasma obtained from pigs immunised with a commercially available tetanus toxoid
vaccine. Tetanus toxoid-specific antibody levels in the piglets following plasma
transfer were measured using a standard enzyme-linked immunosorbent assay
(ELISA).
The aim of this study was to determine if specific antibodies are efficiently
transferred to neonates in plasma therapy and what levels of antibodies are
transferred across and for how long these transferred antibodies persist in the
neonatal piglets.

5.2. Methodology
5.2.1. Plasma preparation
5.2.1.2. Vaccination of donor sows

A group of seven sows were vaccinated intramuscularly with 1ml of Equivac T
vaccine (Pfizer Animal Health, Australia), a tetanus toxoid vaccine which contains
the formalin treated toxin of Clostridium tetani on two occasions, two weeks apart
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(treatment plasma was obtained from this group). The sows were vaccinated four
weeks prior to slaughter.
Another group of five sows were given 1ml of Hartmann’s solution IM twice, 2
weeks apart (control plasma was obtained from this group). All sows used in this
study came from the same site as the piglets in order to obtain an autogenous plasma.
All sows and piglets in this study were the same breed (large white x landrace).
5.2.1.3. Plasma collection and processing

Blood was collected from sows vaccinated as described above when they were
slaughtered at an abattoir in Laverton, Victoria, Australia. The blood was collected
in containers coated with the anticoagulant, EDTA and processed as described in
Chapter 2. The blood was pooled from the sows in each of the treatment and control
groups and processed separately. Samples of the control and treatment plasma prior
to and after membrane filtration were assessed for total globulin content. The
globulin levels were calculated based upon the difference between the total protein
and albumin counts of the plasma, which were obtained using a standard
biochemical analyser.
5.2.2. Study design

In this study, twenty piglets were allocated into two groups, treatment group and
control group using a randomized block design. Four piglets were selected from each
litter and of these animals, two were allocated to the control group and two were
assigned to treatment group. This was replicated five times.
These animals were selected with birth weight ranging from 0.8-1.3kg. This weight
range is less than the average piglet birth weight. Piglets in this weight range were
chosen as they would usually be considered unthrifty and susceptible to high rates of
78

mortality as they may not obtain enough colostrum from the birth dam compared to
other heavier littermates.
All newborn piglets were individually weighed and piglets between 0.8-1.3kg were
fostered to non-birth dams within 24 hours of birth and remained with that dam for
the duration of this study. Piglets in the treatment group were given 10ml plasma
(IM) obtained from sows vaccinated with Equivac T on day 1 and day 3 of age.
Piglets in the control group were given 10ml plasma (IM) obtained from sows
injected with Hartmann’s solution on days 1 and 3 of age.
5.2.3. Sampling parameters

Individual weights of piglets were taken following birth on days 1 (day after birth),
7, 14 and 21. Blood samples were obtained from each piglet on days 1, 3, 7, 14 and
21. Sera obtained from blood were used in a standard ELISA (described in Chapter
2). A necropsy was performed on any piglet that died during the study and the cause
of death recorded. The piglets were observed for any signs of swelling or other
adverse effects, every day after plasma administration.
5.2.4. Tetanus toxoid ELISA

An indirect ELISA using a tetanus toxoid antigen was used to determine the tetanus
toxoid-specific IgG levels in the sera from pigs and piglets in this study and had
been described in Chapter 2.
5.2.5. Total IgG quantification

Total IgG concentration of the pooled plasma in the treatment and control groups
were measured using an ELISA kit (Bethyl Laboratories Inc., Montgomery, Texas)
(method had been described in Chapter 2).
79

5.2.6. Data Analysis

In order to determine the effect of plasma treatment on total weight gain in newborn
piglets, a linear mixed model using restricted maximum likelihood was used to
perform statistical analysis on the data using ASReml-R software (Butler, et al.,
2007). The fixed effects included piglet birth weight, day of measurement and
treatment, also included in the model were the interactions among these factors. The
random factors included foster sow number and birth sow number; these were tested
for significance in the model using a log-likelihood ratio test based on a 5%
significance level.

5.3. Results
5.3.1. Tetanus toxoid-specific antibody levels

The tetanus toxoid-specific antibody levels in the treatment group were slightly
elevated soon after plasma administration and gradually declined with time (Table
5.1).
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Table 5.1. Average weights of the piglets and tetanus toxoid- specific antibody
levels in piglet serum (average values of triplicate measurements and standard
deviation) measured at different time points starting from 24h after birth (day 1)
(P<0.05). Plasma obtained from sows vaccinated with Equivac T (treatment
plasma) or Hartmann’s solution (control plasma)) was administered to piglets in
treatment and control groups on days 1 and 3. Positive control plasma OD 1.4;
negative control plasma OD 0.17.

Day

Average
weight –
treatment
group (kg)

Average
weight control group
(kg)

Tetanus toxoid
specific IgG treatment group
(OD at 405 nm)

Tetanus toxoid
specific IgG -control
group (OD at 405
nm)

1

1.18 ± 0.20

1.18 ± 0.14

0.16 ± 0.01

0.17 ± 0.01

3

NA

NA

0.19 ± 0.01

0.15 ± 0.01

7

1.67 ± 0.25

1.83 ± 0.33

0.18 ± 0.01

0.13 ± 0.01

14

2.93 ± 0.74

2.96 ± 0.47

0.16 ± 0.01

0.11 ± 0.01

21

4.49 ± 1.15

4.40 ± 1.19

0.13 ± 0.01

0.11 ± 0.01

Hence, while there was some evidence of antibody transfer to the piglets in this
group, this was not statistically significant. Importantly, there were high levels of
IgG against tetanus toxoid in the donor plasma given to the piglets in the treatment
group (OD (average) of 1.4), (OD of the control plasma (from sows given
Hartmann’s solution) was 0.15) the levels of tetanus toxoid-specific IgG in the
recipient piglets on the other hand were relatively low (OD less than 0.2) (Table
5.1). Plasma was administered to piglets on days 1 and 3 in this study and given that
the half-life of IgG is 8-10days (Butler, et al., 2009; Thacker, 2004), the plasma
administered during this study would therefore be expected to be minimally affected
by losses due to antibody half-life and therefore possibly does not account for the
low levels of tetanus toxoid- specific antibody detected in the plasma treated piglets.
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5.3.2. Total IgG quantification

Total IgG content of the plasma from both treatment and control groups were fairly
similar, indicating that Equivac T vaccinations did not contribute towards a
significant overall increase in total IgG antibody levels in the donor sow. The total
IgG concentration in the pooled plasma from sows given Equivac T was found to
be 17mg/ml and the total IgG concentration in the pooled control plasma was 19
mg/ml.
It was interesting to note that membrane filtration of the plasma had reduced the
calculated globulin content by approximately 30% in both control and treatment
plasma (Table 5.2). Hence, the immunoglobulins with reference to IgG
concentration (which is present in the globulin content of the plasma) has been
reduced due to the plasma filtration.
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Table 5.2. Total protein, albumin and globulin levels in plasma obtained from
tetanus toxoid treated and control sows that was administered to the neonatal piglets
in this study.

Plasma

Total
protein,
g/L

Albumin,
g/L

Total
globulin
(calculated
based upon
the
difference
between
total protein
and
albumin
levels), g/L

Control plasma
(from sows
injected with
Hartmann’s
solution): pre
filtration

77

42

35

Control
plasma(from sows
injected with
Hartmann’s
solution): post
filtration

59

34

25

Plasma from sows
injected with
Equivac T: pre
filtration

72

39

33

Plasma from sows
injected with
Equivac T: post
filtration

48

26

22
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Estimated loss
in globulin
following
filtration (%)

28.57

33.33

5.3.3. Weight gain and piglet survival

There was no significant difference in weight gain between the control and treatment
groups indicating that the plasma containing tetanus toxoid antibodies did not affect
the piglets’ growth rate. Weights of piglets in the control group increase slightly
compared with the treatment group during the first week (Table 5.1). By the third
week, both groups were of similar weights at 4.40-4.49kg (Table 5.1). No harmful
effects from plasma administration were observed in any piglet. Three of the twenty
piglets in the study were however found dead at 1-2 days after the start of the study.
Upon performing a necropsy, two of these piglets (one from the control group and
the other from the treatment group) were found to be non-viable and in poor physical
condition. The third piglet was from the treatment group and had been overlain by
the nursing sow.

5.4. Discussion
Given that the concentration of IgG in sow colostrum is approximately 105mg/ml
(Roth & Thacker, 2006, p. 21), the amount of IgG present in the plasma used in this
study is much less than what would be normally found in porcine colostrum. The
efficacy of the plasma treatments could have been further reduced by a dilution
effect caused by the administration of a relatively small volume of plasma into the
total blood volume of the growing piglets (Curtis & Bourne, 1971).
Although the statistical analysis of the data obtained in this experiment had taken
into account the small sample size in its analysis, it is important to use more animals
in future studies in order to further investigate the transfer of specific antibodies
during plasma therapy.
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The results of the current study indicate however that while it is possible to transfer
immunoglobulins in plasma therapy, in order to obtain significant levels of
immunoglobulin transfer, considerably higher doses of plasma will need to be
delivered. Furthermore, better methods of processing plasma need to be investigated
as there was a significant loss of antibodies with the method used in this study.
Further studies also need to be undertaken to evaluate the optimal dose of plasma
required to obtain levels of immunoglobulin transfer that are high enough to confer
significant immunity and improve the overall health of the neonatal piglet. It is
possible that sows require more than two doses of tetanus toxoid vaccine to stimulate
high antibody levels for plasma therapy.
It is also important to investigate administration of plasma via various routes, to
determine the most effective route for plasma therapy. Intra-peritoneal injections for
example, would enable higher volumes of plasma to be delivered and may be more
effective than the intramuscular route of administration used in this study.
Overall, this study has shown that it is possible to transfer immunoglobulins to
neonate piglets during plasma therapy. However, more research is required to
improve the efficacy of plasma therapy and prophylaxis in the porcine model.
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Chapter 6 : General Discussion and Conclusion
The objective of this study was to investigate the effects of intramuscular
administration of autogenous porcine plasma to unthrifty neonatal piglets.
A small drop in pre-weaning mortality (not statistically significant) was observed in
plasma-treated piglets in the pilot study (reported in Chapter 3) while plasma
treatment had no effect on the piglets’overall survival and weight gain in the main
study (reported in Chapter 4). No adverse effects of plasma administration were
observed in the piglets. However, results indicated that plasma treatment had no
positive effect on growth performance in the piglets in both studies. The interaction
between treatment and the type of litter was found to influence survival of the piglets
in the pilot study (chapter 3). The birth weight of the piglet was the main factor in
survival and weight gain in the main experimental study (chapter 4) with higher birth
weight piglets showing increased weight gain and lower mortality rates compared to
lighter counterparts. Parity 1 sows were found to have the highest IgG levels
however differences in IgG levels among the age groups selected were minimal.
Therefore, while it may be possible to transfer immunoglobulins in plasma therapy,
in order to obtain significant levels of immunoglobulin transfer, considerably higher
doses of plasma than those used in this study will need to be delivered.

6.1. Effect of piglet birth weight on survival
Piglet birth weight has consistently been used as an indicator of its performance and
survival, with piglets weighing less than 1kg at birth having a higher risk of
mortality than those weighing more than 1kg (Robert & Martineau, 2001).
Importantly, the birth weight of piglets has been shown to be the main factor
determining survival and weight gain of neonatal piglets (Chapter 4).
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Piglets included in the pilot study (described in Chapter 3) came from gilt and runt
litters. These piglets were of less than average birth weight but they were generally
heavier than those used (weight range 0.8-1.3kg) in the main study (chapter 4). This
could possibly be the reason why there was some reduction in mortality following
plasma treatment (although this was not statistically significant) as these piglets were
not as small and weak as the piglets used in the main study.
The administration of autogenous porcine plasma did not improve piglet survival in
the main study. Importantly, hygiene levels were low in the farm where the main
study was (chapter 4) conducted compared with the farm where the pilot study
(chapter 3) was conducted. These might give us an indication that other physical
factors such as hygiene standards on a pig farm could also play a role affecting
piglets’ health.

6.2. Effects of different age groups of pigs on serum IgG concentration.
The results of this study showed that there was no significant relationship between
serum IgG concentration and the age group of donor sows. A similar study
performed by (Prieto et al., 1999) had found that colostral IgG concentration in sows
kept under standard commercial conditions were highly variable and very little of
this variability could be explained by effects of parity, body condition or litter size.
The effects of the differences in colostral IgG were found to be low in high herd
health (Prieto, et al., 1999).
6.3. Plasma treatment in piglets
Researchers have evaluated many strategies to improve the immune status of
unthrifty neonatal piglets. Some studies have focused on improving the health of
early-weaned piglets through the administration of spray-dried porcine plasma
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(SDPP) and the results were positive (Coffey & Cromwell, 1995). SDPP was given
to piglets at day 0 to 14 post weaning. In some studies, the increase in growth rate
and feed intake were higher in piglets which were given SDPP when compared to
those given dried skim milk (Gatnau & Zimmerman, 1990; Hansen, Nelssen,
Goodband, & Weeden, 1993; Sohn, Maxwell, & Buchanan, 1991). The piglets were
fed SDPP at day 0-14 post weaning. However, the increase in survival rates was
variable. Other studies have reported on the use of immunoglobulins coupled with
energy supplements to give neonatal piglets an added boost to their passive
immunity (Bikker et al., 2010). Overall, previous studies on immunoglobulin or
plasma therapy have shown variable results.
For example, in a study conducted by Varley, Maitland & Towle (1986), the
administration of porcine serum had no significant impact on survival rates of the
neonatal piglets. These studies show that plasma therapy on its own cannot be
reliably used to improve neonatal piglet health.

6.4. Efficacy of plasma treatment and farm management conditions
The dose and route of plasma administration used in the pilot study conducted
during the course of this project was based upon what was used in the Lithuanian
study (Normantiene, et al., 2000).
However, unlike the results from the Lithuanian study, in the current study no
significant improvement in piglet health was observed. Mortality was reduced by
20% in serum treated piglets when compared with piglets with no serum treatment or
piglets treated with antibiotics in the Lithuanian study (Normantiene, et al., 2000).
The reason for this could be that in the study from Lithuania, additional care was
provided to the piglets during the trial (Holyoake, Dial, Trigg, & King, 1995). The
piglets were each stomach tubed with a total of 100ml colostrum before returning
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them to the sows and routine shed management. Split-suckling was conducted in
litters of twelve or more piglets. In split-suckling, the four heaviest piglets in a litter
were transferred to a crib. The four pigs were alternated every two to three hours
with the next heaviest lot of piglets. The smallest pigs remained continuously with
the sow. This process enabled the small and weaker piglets to have unrestricted
access to colostrum from the sow. Porcine serum was administered in the Lithuanian
study compared to the usage of porcine plasma in this project. All of these factors
probably played a role in determining the positive outcomes reported in the study
(Normantiene et al., 2000).
In the current project, no additional supervision was undertaken to ensure that the
less viable piglets had sufficient colostral intake. Hence, the piglets included in this
study may not have received an adequate intake of colostrum. Insufficient colostrum
intake is considered to be one of the leading factors of preweaning mortality in pig
production (Edwards, 2002). Piglets are born with low body energy stores and
underdeveloped immune system (Rooke & Bland, 2002). Sufficient colostrum
intake is therefore vital for piglet development by providing energy for
thermoregulation (Dividich, et al., 2005), allowing immune transfer from the sow
(Rooke & Bland, 2002) and stimulating intestinal development (Xu, Sangild, Zhang,
& Zhang, 2002). Inadequate intake of colostrum of piglets in this study would have
adversely affected their energy levels and ability to survive thereby compromising
the plasma therapy delivered to these animals.

6.5. Future Directions
If the study were to be repeated, minimal fostering of piglets should be adopted.
Although 100% fostering was conducted, the effect of the birth dam was not
eliminated as piglets received colostral antibodies from the birth dam in the 24 hour
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period after birth. This caused additional stress on the day old piglets by transferring
them to non-birth dams.
Also, the movement of piglets increased the risk of disease spread to pens through
the oro-faecal route. A future study should follow as closely as possible the
production practices of the farm to minimize any stress incurred from moving piglets
around. Split-suckling could also be considered as an option for a large litter size
with more than 13 piglets born alive (Pinilla & Geiger, 2011) as split-suckling
enables all the piglets the chance to obtain colostrum from their birth dam without
fostering.
Use of spray dried porcine plasma in the diets of early weaned piglets have shown
improved feed intake and weight gain in other studies (Coffey & Cromwell, 1995).
However no positive benefits were observed from plasma therapy in neonatal piglets
in this project. Given the vulnerability of the piglets at this early stage and other risk
factors for poor piglet health as already discussed in this study, provision of good
husbandry in the farrowing houses would also make a big difference to the study
outcome.
In future studies, a dose response trial should be conducted to evaluate the optimal
dose of porcine plasma to be given to the piglets. Methods of processing plasma to
concentrate the components found in plasma like spray drying should be evaluated.
The route of delivery of porcine plasma needs to be further investigated to ensure
that it will be commercially viable and safe to use in piglets. The amount of Ig in the
plasma given in the current study was lower than what the piglets would obtain from
the sow’s milk; hence concentrating plasma could allow a higher concentration of Ig
to be applied in a single dose. IgA is the predominant Ig in milk compared to IgG in
colostrum (Butler, et al., 2009). It is important to also measure IgA levels in any
90

future study as only measuring IgG levels may not be adequate in assessing
preweaned piglets. Given the high labour cost of processing plasma, the financial
implications of routinely using plasma therapy in unthrifty piglets should be
evaluated.
Studies evaluating plasma administration in various species are well documented.
For example, plasma therapy has been used with success in colostrum-deprived foals
to reduce the incidence of disease associated with lack of passive transfer of
maternal antibodies (Tyler-McGowan, et al., 1997). Other examples include the
administration of equine plasma containing antibodies directed toward endotoxin to
septic foals (Peek et al., 2006; Spier et al., 1989), and the use of plasma therapy with
plasma preconditioned with endotoxin given to dogs with septic shock, this therapy
was shown to down regulate inflammatory cytokine responses in the model (Kotiw,
Morgan, Lopez, Taylor, & Shiels, 2007).
Providing porcine plasma to low birth weight piglets might be a good supportive
therapeutic approach in a high herd health production system and not in an
environment challenged with a high pathogen load. However, there are risks
involving transmission of infectious agents through using plasma. These risks were
minimised in the current study by ensuring that the donor sows were healthy and
came from the same farm as the recipient piglets. Importantly, plasma used had
undergone filtration and a sterility test was conducted prior to its use.

6.6. Conclusion
The variability of results from plasma treatments in previous studies raises questions
about the efficacy of such treatments. Moreover, results from previous studies
indicate that reducing piglet preweaning mortality requires a multi‐disciplinary
approach. This project has demonstrated that without additional support and a sound
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physical environment for the piglets to thrive in, plasma therapy would not aid in
promoting the overall health of piglets. Further research is required to improve the
efficacy of plasma therapy and prophylaxis in the porcine model.
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