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ABSTRACT 

Porcine reproductive and respiratory syndrome virus (PRRSV) is estimated to cost the US 

swine industry $664 million in annual production losses. Therefore, the objective of this project 

was to evaluate the effect of MCFA on PRRSV replication using in vitro and in-vivo studies. The 

overarching hypothesis was that MCFA would inhibit or reduce viral replication of PRRSV 

infection in vitro and reduce viral load in-vivo. In the first experiment (Chapter 2), MARC-145 

cells were used to determine the effects of individual MCFA (C6, C8, C10, and C12) exposure at 

concentrations ranging from 1-1000 µg/mL prior to and following inoculation of North American 

Type II (P-129) or  European Type I (Lelystad) PRRSV. Viral replication was determined using 

FITC labeled IgG anti-PRRSV monoclonal antibody and TCID50 was calculated for each 

concentration.  Data were analyzed using the Proc Mixed procedure of SAS. Incubation of MARC-

145 cells with caproic acid (C6) at concentrations of 1-1000 µg/mL prior to and after inoculation 

with Type II North American (P129) or Type I European (Lelystad) PRRSV did not alter viral 

replication (P > 0.10). However, incubation of MARC-145 cells with caprylic (C8), capric (C10), 

and lauric (C12) acid prior to and after inoculation with Type I and Type II PRRSV did reduce 

viral replication at concentrations ranging from 100-1000 µg/mL. In general, the effective dose 

required to reduce (P < 0.05) viral replication (Log10TCID 50/mL) decreased as MCFA chain length 

increased. In experiment 2 (Chapter 3), the use of MCFA combinations (C8:C10; C8:C12; 

C10:C12; and C8:C10:C12) to reduce viral replication of PRRSV in MARC-145 cells was 

investigated.  The MCFA combinations were analyzed at six different concentrations ranging from 

50-500 µg/mL with North American Type II (P-129) and European Type I (Lelystad) PRRSV. 

Viral replication was determined as described in experiment 1 (Chapter 2) using FITC labeled IgG 

anti-PRRSV monoclonal antibody and Log10TCID50/mL was calculated for each concentration. 
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Data were analyzed using the Proc Mixed procedure of SAS.  Incubation of MARC-145 cells with 

MCFA combinations prior to and after inoculation with Type II North American (P129) and Type 

I European (Lelystad) PRRSV resulted in reduced viral replication at MCFA concentrations of 

200-500 µg/mL and was concentration dependent. Reduction of viral replication with MCFA was 

further evaluated by independently incubating MARC-145 cells or PRRSV. Results indicated that 

viral replication was reduced when MARC-145 cells were incubated with MCFA and not when 

PRRSV was incubated with MCFA. In experiment 3 (Chapter 4), 112 mixed sex pigs (PIC 1050 

females x PIC 359 sire), weaned at 21 d of age, weighing 7.5 ± 0.68 kg, were used in a 33d PRRSV 

challenge study. Pigs were blocked by body weight and sex and randomly assigned to one of four 

treatments in a 2x2 factorial design with pigs receiving 0 or 0.30% MCFA in the diet and placebo 

or PRRSV inoculation. Following a 5 d adjustment to diets and rooms, pigs were inoculated with 

either a placebo (sterile PBS) or Type II North American (P129) PRRSV (1 x 105, TCID50/mL) 

given in 1 mL each intranasal and IM injection. Each room contained 4 pens with 7 pigs per pen 

and an equal ratio of barrows to gilts within treatment. Diets were formulated to meet or exceed 

all nutritional requirements (NRC, 2012) and were fed in 4 nursery phases. Feed budgets by phase 

were 1.13 kg/pig in phase 1, 2.72 kg/pig in phase 2, 6.35 kg/pig in phase 3, and phase 4 fed until 

the end of the experiment. MCFA (C8:C12) were mixed in a 1:1 ratio (wt:wt), and then mixed 

with finely ground corn to prepare a premix added to diets at 0.60% to provide 0.30% total MCFA. 

Control diets used soybean oil mixed with finely ground corn at the same 0.60% inclusion to keep 

ME levels constant across treatments. Body weights, feed intakes, blood samples, and 

temperatures were determined or collected on d 0, 3, 7, 10, 14, 21, and 28 post inoculation. Sections 

of tonsil, lung, and intestines were collected at d 10 post-inoculation from 1 pig per pen and at d 

28 from all remaining pigs. Data were analyzed using the PROC Mixed procedure of SAS with 
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pen as the experimental unit for growth and performance measurements and pig as the 

experimental unit for viral load analysis. Serum viral load confirmed PRRSV was only detectable 

in challenged pigs. Body weights were not different (P > 0.05) between treatments prior to d 14 

post inoculation. Body weights from d 14 to 28 post inoculation were reduced (P < 0.05) in PRRSV 

infected pigs compared to non-infected pigs. Overall ADG and ADFI were reduced (P < 0.05) for 

PRRSV infected pigs compared to non-infected pigs by an average of 18 and 28%, respectively. 

Body temperatures were not different between treatments.  Viral load measured in the lung was 

not different (P > 0.05) between PRRSV infected treatments. Tonsil viral load was not different 

(P > 0.10) between PRRSV treatments. However, there was a trend (P ≤ 0.10) for an effect of day 

post inoculation with control-fed, PRRSV-infected pigs having higher viral loads at d 10 post 

inoculation compared to d 28 post inoculation. Overall, no effects of MCFA on PRRSV viral load 

or performance were observed during the in-vivo trial. MCFA was effective at reducing viral 

replication of PRRSV in MARC-145 cells in vitro. However, the results could not be confirmed 

in the in-vivo experiment. Porcine alveolar macrophages should be used to confirm the in vitro 

inhibition of PRRSV replication observed in MARC-145 cells. In order to fully understand the 

application of MCFA to inhibit PRRSV infection in pigs, more studies should be conducted to 

evaluate the form of MCFA as well as viral inoculation with field strains of PRRSV.   

Keywords: MCFA, PRRSV, Viral Replication, Swine 
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  THE EFFECT OF MEDIUM CHAIN FATTY ACIDS ON 

PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME 

VIRUS IN PIGS: A LITERATURE REVIEW 

 Introduction  

The swine industry has been impacted by Porcine Reproductive Respiratory Syndrome Virus 

(PRRSV) for over 30 years (Brar et al., 2014). First appearance of the virus occurred in the late 

1980s in the US and Europe as a mystery swine disease. Virus isolation in 1991 in Europe and 

1992 in the US lead to the identification of 2 genotypes: Type I European and Type II North 

American PRRSV strains. PRRSV has spread rapidly through pork producing countries. PRRSV 

is an enveloped, positive single strand RNA virus in the Arteriviridae family of viruses in the order 

of Nidovirales. Transmission of the virus is both vertical, sow to piglet, and horizontal, pig to pig, 

by nasopharyngeal and aerosol routes.  

PRRSV infection results in reproductive failure in sows and gilts as well as respiratory illness 

in all phases of pig production. Reproductive failure in sows can range from decreased farrowing 

rates to increased abortions and low viability in liveborn pigs (Butler et al., 2014). Respiratory 

disease severity increases with the presence of secondary infections leading to high mortality rates 

in pre-weaned and post-weaned pigs (Amadori and Razzouli, 2014).  It has been estimated that 

PRRSV infection costs the US pork industry $664 million in annual production losses. making it 

the most economically significant disease facing today’s pork producers (Holtkamp et al., 2013). 

Economic losses from high mortality, decreased growth rates, and respiratory distress in growing 

pigs account for 55% of production losses. After three decades of PRRSV research, the mechanism 

for long lasting heterologous immunity is still unclear. Challenges to PRRSV research and 

subsequent control and prevention includes: rapid viral mutation rate, viral suppression of the 
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immune response, persistence of infection after known symptoms disappear, and rapid 

transmission or spread to other animals and locations.   

 Porcine Reproductive Respiratory Syndrome Virus  

1.2.1 Respiratory Disease and Persistence  

Respiratory Disease of PRRSV is characterized by dyspnea, coughing, and sudden death 

from respiratory distress.  Pigs with PRRSV infection often present with rough hair coat, reduced 

growth rate, dyspnea, and/or coughing (Zimmerman et al., 2006). PRRSV replicates in the lung 

and lymphoid tissue and certain dendritic cells (Darwich et al., 2010) with the primary site being 

alveolar macrophages.  Macrophages and dendritic cells are essential for activating the adaptive 

immune response (Murtaugh & Genzow, 2011). PRRSV has been isolated from multiple tissues 

including tonsils, thymus, lymph nodes, spleen, lung, liver, heart, kidney, and placenta.  

Infection of placenta and endometrium are only detected in early and late gestation which 

leads to placental transfer to the fetus (Karniychuk et al., 2013). PRRSV can replicate in fetal 

thymus, spleen, and lymph nodes and spread to other fetuses in utero (Novakovic et al., 2016). 

Inflammatory lesions have been reported in the sow uterus and placenta during PRRSV infection 

(Lager and Halbur, 1996).  PRRSV infection and replication in utero has been linked to loss of 

placental function, detachment, and degradation which leads to fetal death (Rossow, 1998; 

Karniychuk et al., 2011).   

Viremia and seropositivity can be concurrent for several weeks with persistence up to 157 

days (Albina et al., 1998; Otake et al., 2002) after initial infection. Persistence of PRRSV in 

lymphoid tissue can lead to reinfection as naïve pigs are introduced into the herd and become 

exposed to circulating strains even if the herd is asymptomatic (Rowland et al., 2003). These 
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persistent pigs create hot spots within the herd and prevent virus stabilization. Another cause of 

PRRSV persistence in a herd is infection with a new or mutated virus strain, which effectively 

starts the disease cycle over again. Management techniques and biosecurity changes have been 

used by producers in an attempt to break the cycle of infection and stabilize the herd (Mccaw, 

2000; S. Dee et al., 2005). Several PPRSV prevention strategies over the years have included 

reduced animal movements and mixing, heightened biosecurity measures, and herd vaccination. 

Control or prevention of PRRSV has been challenging due to viral persistence in infected herds, 

high transmission rates between infected animals, and rapid development of genetic variants. 

Additional issues develop with genetic evolution of highly virulent strains identified as recently as 

2020, increasing the genetic diversity of PRRSV in global pig producing regions  (Jiang et al., 

2020; Kvisgaard et al., 2020; Park et al., 2020). Genetic diversity in PRRSV has caused a lack of 

vaccine efficacy and cross protection between strains (Butler et al., 2014).  

1.2.2 Genetic Diversity  

Understanding the genome of PRRSV is critical to finding effective treatments and 

prevention of disease. The PRRSV genome is 15 kb in length, single stranded, and positive-sense 

RNA that encodes nine open reading frames (ORFs). The genome of PRRSV is complex due to 

the overlapping of genes. Three fourths of the genome is contained in ORF 1a and 1b, and is 

translated into two polyproteins, replicase proteins pp1a and pp1ab, which are cleaved into 14 

nonstructural proteins (nsps; Kimman et al., 2009). The nsps functions are not well known. Their 

activities include replicase, protease, and polymerase which suggests involvement in genome 

replication and transcription of subgenomic mRNA. ORF 2a, ORF 2b, and ORF 3-7 code for 

structural proteins GP2a, GP2b (E), GP3, GP5, GP5, M, and N, respectively (Snijder & 

Meulenberg, 1998). Structural proteins are required for packaging viral progeny (J Wissink et al., 
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2005).  Delputte et al. (2002) determined that structural proteins M and GP5 mediate the interaction 

between PRRSV and the heparan sulfate binding site. Kwon et al. (2008) reported that PRRSV 

virulence is dependent upon structural and non-structural genes, making PRRSV virulence 

multigenic. The overlapping nature of the PRRSV genes makes it hard to modify one gene without 

also affecting the overlapping gene.  

PRRSV has a high level of antigenic variation which has been proposed as the reason for 

differences in virulence and pathogenicity of PRRSV variants.  The variation is attributed to 

mutations during the error-prone replication of RNA.  The absence of proof-reading functions in 

the replication of PRRSV allows for constant generation of variant genomes leading to 

heterogenous populations of PRRS virus variants (Biebricher & Eigen, 2006).  Mutation rates for 

viral proteins exposed to the PRRSV surface are more variable than internal regions (Chang et al., 

2002). The enzymes needed for RNA synthesis, RNA - dependent RNA - polymerase and RNA 

helicase are encoded in ORF 1b region of the genome. Recombination in PRRSV replication 

results in the formation of subgenomic mRNA (Murtaugh et al., 2010).  Fang & Snijder (2010), 

reported that RNA synthesis in PRRSV requires genome amplification and production of 

subgenomic mRNAs for viral structural protein templates.  This process is similar to copy-choice 

recombination with specific RNA signal transcription regulatory sequences (Pasternak, 2001).   

1.2.3 Pathogenesis  

PRRSV severity varies considerably as a result of virus strain, immune status, genetic 

susceptibility, and environmental factors.  Reproductive morbidities in sows include premature 

births, late term abortions, stillbirths, mummification of fetuses, weak pigs at birth, decreased 

farrowing rates, and increased wean to estrus interval (Benfield et al., 1992). The respiratory 
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morbidities include dyspnea, coughing, and sudden death from respiratory problems. Infected 

nursery pigs have high mortality rates, poor growth rates, severe bleeding at tail docking, naval 

bleeding, ataxia, and muscle tremors.  Sows may develop fevers and have variable feed intakes.  

Grow-finish pigs experience fever with decreased feed consumption leading to poor production 

efficiencies.   Secondary viral and bacterial infections are a prime concern with PRRSV infection. 

Secondary bacterial infections associated with PRRSV include Streptococcus suis, Salmonella 

cholerae-suis, Glaesserella parasuis, Pasteurella multicida, Mycoplasma hypneumoniae, and 

Actinobacillus pleuropneumoniae (Li et al., 2017). Secondary viral infections associated with 

PRRSV infection include Porcine respiratory coronavirus and Influenza A virus.  Diagnosis should 

take all production records and clinical signs into consideration.   

PRRSV infects macrophages, compromises the cellular immune response and impairs 

mucosal function.  Gross lesions in respiratory and lymphoid tissue can range from severe to 

limited.  PRRSV can be contained in semen, urine, and feces (Wills et al., 1997).  Viral incubation 

period is 4-5 days with experimental infections. PRRSV impairs pulmonary defense functions 

through damage to the nasal mucosa, disruption of the bronchial ciliary clearance and destruction 

of alveolar macrophages (Oleksiewicz and Nielsen, 1999).   

1.2.4 Immune Response  

Macrophages and dendritic cells are essential for activating adaptive immunity by secreting 

inflammatory and immunomodulatory cytokines and presenting antigens to T cells (Murtaugh & 

Genzow, 2011). Infected pigs have a rapid humoral response, and antibodies to PRRSV are 

detected as early as day 5 post infection (Mateu & Diaz, 2008).  These early IgM and IgG responses 

do not provide neutralizing antibody protection against the virus (Yoon et al., 1994; Xiao et al., 

2010). Initial antibodies can cause an antibody-dependent enhancement by promoting virus entry 



 

 

21 

into target cells (Yoon et al., 1996). In cell culture PRRSV can interfere with interferon signaling 

through nonstructural proteins in a strain specific response (Murtaugh & Genzow, 2011).  Mateu 

& Diaz, (2008) reported that neutralizing antibodies are not detected in the first 4 weeks post 

infection.  

PRRSV modulates the host’s immune response. Xiao et al., (2010) reported that PRRSV 

induced an inflammatory response during early infection, resulting in apoptosis of infected cells 

and reduced immune cells, thereby leading to an immunosuppressive response.  Macrophages do 

not kill the virus; the virus kills macrophages by rapidly producing more virus. It is estimated that 

up to 40% of alveolar macrophages are destroyed by PRRSV (De Baere et al., 2012). The reduction 

in alveolar macrophages reduces the immune response in the lungs of pigs infected with PRRSV. 

Reductions in lung immune cells increase the incidence of secondary infections associated with 

porcine respiratory disease complex (Brockmeier et al., 2014). Since porcine alveolar 

macrophages are the target cell for PRRSV, several studies have been conducted to characterize 

the interaction between alveolar macrophages and PRRSV.  It has been reported that PRRSV 

inhibits type I interferons (IFN; Albina et al., 1998) and induces interleukin-10 (IL-10; Suradhat 

& Thanawongnuwech, 2003). Genome wide transcription of alveolar macrophages post- PRRSV 

infection results in a strong upregulation of beta interferon 1 expression and a weak upregulation 

of IL-10 and tumor necrosis factor α (TNF-α; Genini et al., 2008). Miller et al. (2008) identified 

over 400 unique alterations in porcine alveolar macrophage gene expression after PRRSV 

infection.   

PRRSV has been reported to inhibit IFNα responses (Mateu & Diaz, 2008). It has also been 

suggested that PRRSV isolates of the same strain can differ in their ability to affect IFNα (C.-H. 

Lee et al., 2004). Kimman et al. (2009), reported that IFNα inhibited PRRSV replication.  
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Inhibition of IFNα would also impair development of an adequate T helper type 1 immune 

response (Mateu & Diaz, 2008).  PRRSV alters cytokine production in macrophages and dendritic 

cells, and modifies antigen presenting molecules (Wang et al., 2007). It has been reported that 

PRRSV reduces expression of major histocompatibility complex-I in dendritic cells (Loving et al., 

2007). Research with infectious and inactivated PRRSV has resulted in down regulation of the 

expression of major histocompatibility complex I and II along with CD14 (Wang et al., 2007). 

After infection with PRRSV, specific IFNγ secreting cells are not detected until 21 days post-

infection (Díaz et al., 2005, 2006). IFNγ secreting cells are CD4+ CD8+ with a small amount 

coming from CD4-/CD8αβ+  T cells (Meier et al., 2003). Darwich et al. (2010) reported that IFNγ 

is used as a measurement of cell mediated immunity to PRRSV. IL-10 mRNA is increased in 

bronchoalveolar lavage fluid in pigs infected with PRRS virus (Thanawongnuwech et al., 2004).  

Induction of immunosuppressive cytokines IL-10, IL-4 and transforming growth factor β (TGFβ) 

are involved in immune evasion and secondary infections with PRRSV infection (Murtaugh & 

Genzow, 2011; Chen et al., 2019). However, there are still gaps in understanding the full 

mechanism of immune evasion.   

In general, neutralizing antibodies are critical to control and clear viral infections but are 

delayed with PRRSV infection. Several studies have reported that PRRSV viremia has been 

resolved before detection of neutralizing antibodies (Nelson et al., 1994; Díaz et al., 2006). 

Neutralizing antibodies are not detected until 4 weeks post-infection and are mainly targeting GP5, 

the major neutralization epitope B (Nelson et al., 1994). There is also a decoy epitope on the GP5 

N-terminal ectodomain identified as epitope A (Ostrowski et al., 2002).  The decoy epitope could 

alter the immune response to epitope B causing a delay in neutralizing antibodies.  Viremia may 

be influenced by PRRSV susceptible macrophages (Díaz et al., 2006).  If susceptible macrophages 



 

 

23 

are reduced or exhausted by apoptosis, then infection will spread in macrophage rich organs 

(Mateu & Diaz, 2008). Neutralizing antibodies have been reported to block PRRSV infection of 

macrophages in vitro, through a reduction in attachment and internalization (Delputte et al., 2004). 

Mateu & Diaz, (2008) reported that transfer of neutralizing antibody titers of 1/8 to 1/16 protected 

piglets and sows from viremia and reproductive failure. However, titers of 1/32 are needed for 

sterilizing immunity, suggesting that vaccine development should be targeting a neutralizing 

antibody titer of 1/32.     

Toll like receptors (TLR) are important in the host antiviral response.  There are conflicting 

reports on the impact of PRRSV on TLR 3 expression.  Chaung et al., (2010) reported an inhibition 

of TLR3 and TLR7 with PRRSV infected porcine alveolar macrophages and immature dendritic 

cells in vitro.  However, in vivo /ex vivo PRRSV infection studies reported the opposite with an 

increase in TLR 3 as well as TLR 2, TLR 4, TLR 7, and TLR 8 (Sang et al., 2008; Liu et al., 2009; 

Miguel et al., 2010).  Darwich et al. (2010) reported that TLR 3 is important in viral replication. 

Miller et al., (2009) reported activated TLR 3 signaling decreased viral replication. These variable 

results suggest there could be strain differences and interference in  TLR 3 signaling (Loving et 

al., 2007; Darwich et al., 2010;).   

There are three cellular receptors/mediators known in the pathway of PRRSV entry into 

macrophages (De Baere et al., 2012): 1) heparan sulphate is an important attachment factor on 

macrophage surfaces, 2) porcine sialoadhesin (PoSn) influences binding and internalization of 

virus with the receptor, and 3) hemoglobin scavenger receptor CD 163 is involved in uncoating 

and release of the viral genome (Van Breedam et al., 2010). CD 163 has been considered to have 

a critical role in PRRSV infection. CD 163 is part of the group B scavenger receptor cysteine rich 

(SRCR) protein family. It is an extracellular protein containing nine SRCR repeats, has an 
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intracellular cytoplasmic tail, and a transmembrane section (Welch & Calvert, 2010). CD 163 

expression has been correlated with the immune response to infection  CD 163 is low in immature 

monocytes and increases with maturation of undifferentiated monocytes (Sánchez et al., 1999).  

Following an inflammatory stimulus, Pérez et al., (2008) was able to detect soluble CD 163 in 

porcine alveolar macrophages in culture.  

Multiple variants of CD 163 have been identified with differing tail lengths (Welch & 

Calvert, 2010).  The cytoplasmic tail may have an inhibitory effect on virus replication since viral 

production was reported higher in cells with tailless CD163 receptors (Lee & Lee, 2010). Several 

studies have examined the domains of CD163 with various deletion mutants.  The SRCR 5 domain 

of CD 163 has been identified as critical for PRRSV infection (Welch & Calvert, 2010). Xiao et 

al. (2010) reported that the concentration of CD 163 on the surface of macrophages influences 

viral replication and pathogenicity of PRRSV. This has been demonstrated with non-permissive 

cells that have been transfected with porcine CD 163 and become permissive cells resulting in 

replication of PRRSV (Lee et al., 2010).  Patton et al., (2009) incubated CD 14+ monocytes with 

IL-10 and observed an increase in CD 163 expression with increasing PRRSV infection.  CD 163 

increases after PRRSV infection, increasing the amount of PRRSV inside macrophages, which has 

been suggested to increase IL-10 expression, in turn increasing CD 163 expression, resulting in 

increased PRRSV susceptibility (Xiao et al., 2010).         

 Swine Immune System  

The immune system is a complex system that that can be broken down into three different 

phases that include barriers, innate, and adaptive immune processes.  Barriers are divided into 

physical, chemical, and microbiological. Physical barriers include skin, epithelial cell tight 

junctions, peristalsis in the intestine, mucocilliary movement of the respiratory tract, tears, and 
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nasal cilia (Okumura and Takeda, 2016). Chemical barriers consist of fatty acids, antimicrobial 

peptides, pH, and antimicrobial enzymes. Microbiological barriers involve commensal bacterial 

of the skin, gastrointestinal tract, and mucosal surfaces. The role of these barriers is to prevent 

pathogens from entering the body and causing infection.   

The innate immune response is immediate, usually within hours to days and consists of cells 

and soluble factors.  Cells of the innate immune system include granulocytes, macrophages, mast 

cells, NK cells, and dendritic cells (Mair et al., 2014).  Soluble factors include complement proteins, 

acute phase proteins, interferons, and other cytokines (Shishido et al., 2012). Activation of the 

innate immune system is initiated with pathogen recognition and tissue damage leading to 

recruitment of leukocytes and inflammation. Innate immune system activation does not result in 

memory induction and therefore dendritic cells are a critical link to the adaptive immune system 

as they present the pathogen- derived antigen (Mair et al., 2014).  

The adaptive immune system is delayed, usually taking days to weeks to develop.  Cells and 

tissues of the adaptive immune system consist of B and T lymphocytes, and  primary (thymus and 

bone marrow) and secondary (ileal Peyer’s patch, lymph nodes, spleen, and mucosal lymphoid 

tissues) lymphoid tissues,.  Activation of the adaptive immune system results in memory B and T 

cells providing a stronger response to a second exposure of the same antigen that induced the initial 

response. The response of B and T lymphocytes is specific to the antigen receptors on the B and T 

lymphocytes (Rahe et al., 2017). 

1.3.1 Innate Immune System  

Innate immune system cells originate in bone marrow and consist of myeloid or lymphoid 

cells.  Myeloid cells are granulocytes, monocytes and macrophages, dendritic cells, and mast cells. 

NK cells are innate lymphoid cells (Shishido et al., 2012).  Granulocytes consist of three cell types: 
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neutrophils, eosinophils, and basophils. Neutrophils are the most abundant and present first at the 

site of infection or tissue damage (Kumar & Sharma, 2010). Neutrophils kill bacteria or other 

microbes through multiple mechanisms including the production of enzymes, defensins, reactive 

oxygen radicals. nitric oxide, and neutrophil extracellular traps (Brinkmann, 2004). Circulating 

neutrophils have a short life span usually lasting 48-72 hours.  Eosinophils contain various 

enzymes and basic proteins that are toxic to parasites and cells (Magyar et al., 1995). Eosinophils 

secrete cytokines and lipid molecule leukotrienes that are proinflammatory (Masure et al., 2013). 

Circulating eosinophils role is primarily in response to allergic reactions, and their life span is 

usually days to weeks. The third type of granulocyte is basophils, and they are also involved in 

allergic reactions and release inflammatory mediators (Uston et al., 2007). Basophils usually have 

a life span of days. Granulocytes have roles in response to acute inflammation, parasitic infections, 

and allergic reactions (Mair et al., 2014). 

Other myeloid cells include monocytes and macrophages.  Monocytes circulate in the blood 

and differentiate into macrophages in tissues (Bogunovic et al., 2009; Guilliams et al., 2013). The 

functions of macrophages include phagocytosis, killing of pathogens, secretion of inflammatory 

mediator cytokines and nitric oxide, and tissue repair (Geissmann et al., 2010).  Roles of 

monocytes and macrophages include immune surveillance, antimicrobial response, and antigen 

presentation (Hume, 2008). Dendritic cells are closely related to macrophages, are derived from 

monocytes, and have a role in immune surveillance and antigen presentation (Merad et al., 2013). 

Dendritic cells are present in lymphoid and non-lymphoid tissues.  Mast cells reside in connective 

tissue and mucosal lamina propria and have a role in immune surveillance and initiation and 

amplification of inflammatory responses through secretion of histamine, cytokines, 

prostaglandins, and leukotrienes. The lymphoid cells of the innate immune system are NK cells.  
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NK cells are involved in the immune response to tumor cells and viral infections. They function 

by killing infected or neoplastic cells and secreting cytokines (Denyer et al., 2006).  NK cells do 

not express antigen specific receptors.   

The innate immune systems’ role is to detect pathogens and tissue damage by pathogen 

associated molecular patterns (PAMPs) and damage associated molecular patterns (DAMPs) 

recognized through pattern recognition receptors (PRRs; Kumar et al., 2011). PRRs are localized 

in cell membranes, endosomes, and cytoplasm and lead to secretion of cytokines, chemokines, and 

antimicrobials to kill infected or altered cells (Szabo & Rajnavolgyi, 2013).  Bacteria, viruses, and 

fungi have specific PAMPs that are not part of mammalian cells which allows PRRs to alert the 

innate immune system (Kumar et al., 2011).  DAMPs alert the innate immune system to cellular 

damage by detecting ATP or uric acid in the extracellular environment.  Many of the innate 

immune cells secrete cytokines to communicate within the immune cells or to non-immune cells.  

There are multiple classifications of cytokines including interleukins, interferons, tumor necrosis 

factor, growth factors, and chemokines (Haddad et al., 2002). Through communication they can 

invoke autocrine, paracrine, or endocrine responses.   

1.3.2 Adaptive Immune System  

The adaptive immune system’s B and T lymphocytes are developed in primary lymphoid 

organs in an antigen independent process or in secondary lymphoid organs in an antigen dependent 

process (Sinkora & Sinkorova, 2014). Circulating B and T lymphocytes express specific antigen 

receptors, are naïve lymphocytes until exposure to their specific antigen, and are involved in 

immune surveillance. Once a naïve lymphocyte is exposed to its specific antigen it becomes a 

lymphoblast.  Lymphoblasts proliferate and B cells differentiate into memory cells or plasma cells 

to produce immunoglobulins, and T cells differentiate into memory cells or effector T cells (Slifka 
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et al., 1998).  Lymphocytes and sub-populations of lymphocytes are identified by their specific 

membrane molecules.  Cluster of differentiation (CD) classifications of membrane molecules 

allow for identification between B and T cells.  CD3 is present on all T cells and subpopulations 

of T cells are identified as T helper cells with CD4 and cytotoxic T cells with CD8.  B cells are 

identified by the presence of CD21 membrane molecules (Šinkora et al., 1998).   

Primary lymphoid organs are the site of development for naïve lymphocytes.  Bone marrow 

contains hemopoietic stem cells that produce lymphoid precursor cells to B and T lymphocytes 

and is the site of B cell development in some mammals. Swine, ruminant, and canine B cell 

development occurs in ileal Peyer’s patches. Avian B cell development occurs in the bursa 

fabricius. T cell development occurs in the thymus, which is a primary lymphoid organ. Primary 

lymphoid tissues undergo involution or regression when the animal reaches sexual maturity.   

Secondary lymphoid organs are involved in immune surveillance by naïve lymphocytes. 

Interaction between antigens and naïve lymphocytes leads to activation of the adaptive immune 

response. Tissues with antigen presenting cells interact with T cells which in turn communicate 

with B cells to initiate production of memory plasma cells and include lymph nodes, spleen, and 

mucosal lymphoid tissues.  Lymph nodes are encapsulated organs that contain a cortex, paracortex, 

and medulla. Afferent lymphatics deliver antigens to lymph nodes, and naïve lymphocytes enter 

the lymph node by high-endothelial venules in the paracortex and exit via the efferent lymphatics 

(Binns & Pabst, 1994).  Swine have inverted lymph nodes with the cortex in the center surrounded 

by the paracortex and minimal medulla (Rothkötter, 2009). Lymphocytes leave the swine lymph 

node via the bloodstream. The cortex contains primary and secondary follicles. Primary follicles 

are made up primarily of naïve B cells with secondary follicles forming after antigen stimulation 

with a germinal center of activated B cells.  The paracortex of the lymph node contains T cells and 
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dendritic cells. Plasma cells and macrophages are contained in the medulla of the lymph node. 

Lymph nodes are positioned throughout the body and used for surveillance within their respective 

regions. Mesenteric lymph nodes are an important part of the adaptive immune response in the 

small intestines and bronchial lymph nodes in the lungs.   

Spleen white pulp is a secondary lymphoid organ that consists of follicles and periarterial 

lymphoid sheaths.  The white pulp is separated from the red pulp by the marginal zone. The spleen 

filters blood through the marginal zone where macrophages trap and transport antigens into the 

white pulp (Rothkötter, 2009). Other secondary lymphoid tissues consist of mucosal-associated 

lymphoid tissue (MALT). There are multiple classes of MALTs in the gut, conjunctiva, bronchus, 

and nasal associated lymphoid tissues (Gebert & Pabst, 1999).  MALT inductive sites are where 

the adaptive immune response is initiated or induced and include Peyer’s patches, tonsils, 

bronchus-associate lymphoid tissue (BALT), and gut-associated lymphoid tissue (GALT). Diffuse 

sites of MALT are located throughout the lamina propria and epithelium of mucosal tissues (Cesta, 

2006). Adaptive immune surveillance is carried out by circulating lymphocytes that migrate 

through the secondary lymphoid tissues connected by blood or lymph vessels. Activated 

lymphocytes change their migration and move to non-lymphoid tissue where the antigen or site of 

infection is located (Schulz et al., 2009).   

1.3.3 Immune Response to Viruses  

Viruses are classified broadly by their genetic material as either DNA or RNA viruses.  

Viruses are obligate intracellular pathogens.  The viral nucleic acid core is surrounded by a protein 

capsid with some large viruses having a lipid envelope encompassing the capsid.  Viral infection 

is dependent on specific receptors on host cells.  Viruses bind to these specific cellular receptors 
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to enter the cell, replicate, and release new viral copies.  Viral infection can lead to multiple effects 

in host cells ranging from host cell death to neoplastic transformation to latency.   

Innate immune response to viruses starts with viral DNA or RNA detection by TLRs and 

RLRs in the cytoplasm or endosome (Pang & Iwasaki, 2011).  Type 1 IFN induces antiviral 

proteins via autocrine or paracrine mechanisms that interfere with viral replication, activate NK 

cells, and increase antigen presenting cells (Komatsu et al., 1996).  Virus infected cells are detected 

by effector cells and soluble molecules (Rahe et al., 2017), leading to activated innate immune 

cells inducing the release of chemokines to recruit more effector cells, causing inflammation and 

viral elimination.  The adaptive immune response is activated by dendritic cells via transfer of the 

viral antigen into the lymph system.   

The adaptive immune system responds with activated B and T lymphocytes that have 

specific viral receptors to the virus that is present and will proliferate and become effector cells 

(Rahe et al., 2017).  The effector cell antibodies or T cells migrate to the site of infection leading 

to virus elimination.  Chronic infection or host cell death occurs if the virus is not eliminated.  

Effector antibodies function by blocking binding to cellular receptors through neutralizing 

antibodies, complement mediated lysis opsonization, or antigen dependent cell mediated 

cytotoxicity. T cell response to viral infection involves Th1 cell mediated immunity  

There are viruses that have developed methods to evade the immune response and persist in 

the host. Viruses can bind to the Fcγ-receptor on macrophages and facilitate uptake and infection 

(Sips et al., 2016; Nikitina et al., 2018). Viruses can secrete proteins that inhibit or mimic cytokine 

activities. For example Pox viruses secrete IL-10 like protein or IL-1 binding protein (Spriggs et 

al., 1992). Viruses can alter MHC1 antigen presentation, decrease detection of a viral infection 

through interference of MHC1 transport to the cellular surface, decrease expression of TAP1 and 
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TAP2, or through MHC1 degradation (Ambagala et al., 2005). Another way a virus can evade the 

immune system response is via antigenic variation or mutation, which prevents the binding of 

antibodies (Drake and Holland, 1999). This is common with RNA viruses.   

PRRSV immune modulations have been studied for over 30 years to detail its evasion or 

suppression of the immune system (Rahe et al., 2017).  PRRSV infects macrophages that are 

involved in regulation of the immune response.  Type I IFN are increased with viral recognition 

by cellular cytoplasmic and endosomal receptors (Lawson et al., 1997).  PRRSV inhibits the 

expression of type 1 IFN allowing the virus to replicate undetected (Nazki et al., 2020).  The initial 

humoral response to PRRSV infection lacks neutralizing immunity as neutralizing antibodies are 

not detectable until 4 weeks post infection. The delay in detection of neutralizing antibodies signals 

suppression of the adaptive immune response.  Inhibition of IFNα modulates the antigen presenting 

cells, which in turn decreases activation of T and B lymphocytes interfering with the Th1 and Th2 

immune response (S.-M. Lee et al., 2004; Sun et al., 2012; Wang et al., 2014). The detection of 

neutralizing antibodies after 4 weeks post-infection demonstrates that the pig’s immune system 

does detect the PRRSV. Decoy epitopes of PRRSV may interfere with recognition and binding to 

the neutralizing epitope (Thaa et al., 2013).  Decoy epitopes are N-glycan membrane proteins 

found on the PRRSV.  There are PRRSV strain differences that exist in how many and the structure 

of the N-glycan that flank neutralizing epitopes, which could explain the difference in immune 

response between PRRSV strains and why cross protection is not achieved with heterologous 

strains (Ansari et al., 2006).   
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 Medium Chain Fatty Acids  

1.4.1 Types and Form of Medium Chain Fatty Acids  

Fatty acids naturally occur in fats and oils and can be saturated or unsaturated.  Saturated 

fatty acids are less prone to oxidation and rancidity which is an issue with fats used in animal feed. 

Fatty acids can be used as an energy source, cellular membrane components, or lipid mediators 

(Calder, 2008). Medium chain fatty acids (MCFA) are saturated fatty acids with a carbon chain 

length ranging from 6-12 carbons and include caproic acid (C6), caprylic acid (C8), capric acid 

(C10), and lauric acid (C12). Their carbon chains are attached to a carboxyl group that is 

hydrophilic and the carbon chain is lipophilic giving MCFA a similar hydrophilic/lipophilic 

balance as that of bacterial cell membranes (Park et al., 2018). Fat sources of MCFA are palm 

kernel oil, coconut oil, and milk from some animals (Zentek et al., 2011). MCFA are found in 

different forms. The largest structure is a glyceride where the MCFA is bound to the glycerol 

backbone found in triglyceride, diglyceride, or monoglyceride structural configuration. The 

MCFA that is bound to glycerol will need to be cleaved by lipase in order to be active in the 

digestive tract.  MCFA used in animal feeds can also be in the salt form bound to a calcium or 

sodium molecule. The salt form is dissociated in the acidic environment of the stomach releasing 

the free MCFA.  Free MCFA can be used in animal feed and do not require lipase activity or an 

acidic environment to be functional. The form of the MCFA influences the function as well as the 

inclusion needed in feed to see a response (Ravindran et al., 2016).  MCFA used in animal feed 

formulations as triglycerides are fed at higher rates to provide free fatty acids when compared to 

free fatty acids in diet formulations.  Previous research has reported the benefit of dietary 

supplementation of MCFA in feed biosecurity and growth performance in swine (Cochrane et al., 

2016; Lerner et al., 2020).   
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1.4.2 Medium Chain Fatty Acid Digestion and Metabolism  

Fat digestion breaks down the triglyceride molecules into diglycerides, monoglycerides 

and free fatty acids that are packaged into micelles and travel via the lymphatic system to the liver 

for further metabolism.  Emulsification of triglycerides is initiated in the stomach by lipases from 

gastric and salivary origin and account for less than 30% of total hydrolysis with most of the 

triglyceride digestion carried out by hydrolysis via pancreatic lipase in the small intestines.  

Transportation of lipid fractions into intestinal enterocytes is facilitated by the formation of 

micelles through mixing with bile salts.  Type of dietary fat is a primary determinant of  digestion, 

metabolism and absorption and is influenced by the degree of saturation and carbon chain length 

(Ravindran et al., 2016).  MCFA, due to their short carbon chain lengths, can bypass micelle 

formation and be absorbed through by the intestinal enterocyte and used directly as an energy 

source or transported via the portal vein to the liver where they are oxidized more easily than 

longer chain fatty acids and in that respect act more like glucose than fats.  MCFA do not require 

the aid of binding proteins, as with longer chain fatty acids, can cross the mitochondrial membrane, 

and are more readily oxidized by intramitochondrial medium chain acyl CoA synthetases (Noguchi 

et al., 2002). Free fatty acids interact with immune and nonimmune cells through G protein coupled 

receptors (GPCR) along the intestine (Wang et al., 2006).  

A specific GPCR, GPR84, is activated by MCFA and has high affinity for capric (C10) 

and lauric (C12) acid.  Research has shown that GPR84 is highly conserved in vertebrates (Huang 

et al., 2014) and is expressed in various tissues including spleen, lung, thymus, liver, colon, and 

immune cells including granulocytes, monocytes, macrophages, and B and T cells.  Activation of 

GPR84 in the presence of MCFA increases the inflammatory response by increasing IL-12p40 

production, which is a subunit of IL-12 (Huang et al., 2014). IL-12p40 is expressed in monocytes 

and macrophages following stimulation with PRRSV as early as 1-day post infection.  Kobayashi 
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et al. (1989) reported that IL-12 serves as an important link between the innate and adaptive 

immune responses. Increased expression of GPR84 has been reported under inflammatory 

conditions in multiple studies (Suzuki et al., 2013; Huang et al., 2014).  Tsuzuki et al., (2006) 

reported that the chemotaxic response to activated GPR84 was specific to neutrophils.  Fatty acids 

C6, C8, and C10 have been shown to polarize naïve T cells to a Th17 and Th1 phenotype (Haghikia 

et al., 2015). GPR40, another GCPR, has also been reported to be activated by MCFA.  This is 

important because GPR40 is highly expressed in monocytes, indicating that MCFA have the 

potential to influence immune modulation  (Briscoe et al., 2003).    

1.4.3 Medium Chain Fatty Acids Antimicrobial Properties.   

MCFA have been reported to have antimicrobial properties when tested against algae, fungi, 

bacteria, and viruses (Desbois & Smith, 2010; Fischer et al., 2011)  MCFA have been researched 

as alternatives to antibiotics in pig production (Decuypere & Dierick, 2003). The use of antibiotics 

in US animal production systems is now under increased regulatory oversight with mandatory 

veterinary feed directives (VFD) and there is additional pressure to reduce the overall antibiotic 

footprint of animal agriculture. Improvements to animal performance have been reported when 

MCFA are added to feed (Thomas et al., 2020).  Research on intestinal morphology and gut 

microbiota have reported increased villi heights and crypt depths as well as modified microbiota 

with the use of MCFA in pig diets (Dierick et al., 2003; Calder, 2008; Zentek et al., 2012). The 

mode of antimicrobial action of MCFA appears to be multifaceted.  The hydrophilic/lipophilic 

balance of MCFA is similar to that of the cellular membrane of bacteria, giving MCFA the ability 

to attach and penetrate the cellular membrane.  Degradation of the microbial cell membrane is 

facilitated by MCFA penetrating the membrane and causing breakage or pores that allow cellular 

contents to escape (Yoon et al., 2015 and 2018).  Another mode of action of MCFA is that they 
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enter the cytoplasm of the bacterial cell and dissociate, lowering the internal pH of the cell, causing 

cell death (Rossi et al., 2009). MCFA have also been reported to reduce the replication of bacteria 

by interfering with DNA replication by intercalating into bacterial DNA (Herman & De, 2017). 

Free fatty acids can interfere with the electron transport chain, oxidative phosphorylation, and 

membrane enzymes. These actions of free fatty acids disrupt bacterial energy production and 

nutrient uptake, thereby inhibiting bacterial growth (Desbois & Smith, 2010; Yoon et al., 2018).  

MCFA have been reported to inhibit bacteria that are common challenges to animal production 

systems including escherichia. coli, salmonella, clostridium, and campylobacter.  The rise in 

antimicrobial resistant bacteria have become an issue in animal production. The mode of action 

for MCFA make them an increasingly interesting alternative as it is difficult for bacteria to mutate 

leading to resistance (Yoon et al., 2018).   

The antibacterial effects of MCFA have made them the subject of much research 

investigating alternatives to antibiotics, and more recently feed mitigation.  Research evaluating 

the survivability of pathogens in feed, reported that bacteria and viruses can survive in feed and 

feed ingredients (Dee et al., 2014; Cochrane et al., 2016; Dee et al., 2020; Lerner et al., 2020).  Pet 

food manufacturers have been under increased regulatory standards since the 2011 Food Safety 

Modernization Act from the US Food and Drug Administration which states a zero-tolerance 

policy regarding salmonella contamination in pet foods. The main issue with dry pet food is post 

manufacturing contamination.  The extrusion process used to manufacture dry pet food utilizes 

high temperatures which should eliminate bacteria. Therefore, the focus has been on ingredients 

added or sprayed on after processing.  Additives, enzymes, flavorings, fats, and oils are applied 

post-application to dry pet food and can result in recontamination after processing.  MCFA have 
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been reported to reduce salmonella (Cochrane et al., 2016; Dhakal & Aldrich, 2020) in raw 

materials and dry pet food.   

Swine feed has come under heavy scrutiny in the last few years following Porcine Epidemic 

Diarrhea Virus (PEDV) outbreaks in 2013-2014. Feed has been tested as the vector for disease 

transmission and it has been determined that feed infected with PEDV can result in viral 

transmission to pigs (Dee et al., 2014). Ingredient sourcing and the potential for contamination 

coming through global trade has raised alarms about the introduction of a foreign animal disease.  

Transboundary model testing has been conducted to determine viral survival during shipment 

using similar transport times and conditions as global trade routes (Dee et al., 2016; Dee et al., 

2018).  Treating feed with MCFA has been reported to prevent PEDV infection in a bioassay 

(Cochrane et al., 2016;). Further studies have been conducted to confirm that MCFA can reduce 

viral transmission of PEDV (Dee et al., 2020; Lerner et al., 2020).  The hypothesis of how MCFA 

reduce viruses in feed has focused on the interaction of MCFA with the viral envelope.  The viral 

envelope is a bilipid membrane and MCFA have been reported to disrupt the integrity of the 

envelope leading to reduced pathogenicity of the virus (Thormar et al., 1987).   

Research results reporting the benefits of using MCFA as a feed mitigation strategy against 

PEDV have led to evaluating their use with other envelope viruses including PRRSV and African 

Swine Fever Virus (ASFV).  Treating feed ingredients with 1% MCFA (C6:C8:C10) before or 

after viral inoculation with ASFV resulted in no functional virus using an in in vitro and in vivo 

pig bioassay (Niederwerder et al., 2020).  Treating complete swine feed with MCFA has also been 

reported to reduce the disease transmission of PEDV and PRRSV through feed, as demonstrated 

utilizing an ice block method of inoculating feed in the feed bin to simulate using feed as the vector 

for viral transmission. MCFA treated feed when tested in this model resulted in reduced disease 
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transmission with PEDV and PRRSV (Dee et al., 2020).  PRRSV is not typically thought of as a 

feed transmissible virus.  PRRSV enters the nasal passages via aerosol transmission and infects 

alveolar macrophages, leading to respiratory distress. .  Further research focused on determining 

the effects of MCFA on PRRSV directly, as well as determining if MCFA fed to pigs could reduce 

viral load or persistence of PRRSV infection are critical to understanding the practical applications 

of MCFA. The nature of swine production and large group housing presents a challenge to disease 

management. Many times, it is not a single pathogen issue but instead multiple pathogens and in 

the case of PRRSV, secondary infections that cause production losses and mortality. The multiple 

modes of action associated with MCFA coupled with the immune modulation of free fatty acids 

leads to the hypothesis that MCFA could support improved immune function and animal health.   

 Swine Nutrition and Health  

1.5.1 Nutritional Impact on Health  

It has been generally recognized that nutrition can impact health in animals and humans.  

The swine industry has researched nutrient requirements and the impact of deficiencies on 

performance and health.  However, as the industry continues to evolve, a better understanding the 

focus is shifting from requirements that maximize growth to a more complex understanding of 

nutrient requirements needed to optimize growth, immune responsiveness and animal health. 

Nursery scours have been an issue for swine and pharmacological levels of zinc and copper have 

been used to firm up stools and improve performance (Hill et al., 2000; Højberg et al., 2005; Hollis 

et al., 2005; Shelton et al., 2011; Walk et al., 2015).  Enzymes are also added to swine diets to 

improve performance and environmental footprint, including phytase, xylanase, and carbohydrase. 

When linking nutrition to health, a focus should be placed on gut bacterial populations and the 
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impact of dietary nutrients on intestinal function. Nursey pigs are transitioned from milk-based 

diets to grain-based diets at weaning and it has been well established that intestinal epithelial lining 

is altered post-weaning (Nabuurs et al., 1993; Pluske et al., 1997; Pié et al., 2004; Gilbert et al., 

2018). These intestinal changes that occur at weaning coupled with low feed intake immediately 

post-weaning lead to reduced digestion and increases in undigested protein reaching the lower gut 

(Salgado et al., 2002; Heo et al., 2015).  In particular, E. coli and clostridia are proteolytic bacteria 

and proliferate on undigested protein. Therefore, the use of enzymes in nursery diets could impact 

health by improving the digestion of nutrients and reducing the proliferation of pathogenic bacteria 

in the gut microbiota. Multiple feed additives have been reported to improve growth performance 

through improved digestion (direct fed microbials, enzymes, MCFAs, organic acids, and 

phytogenics; Zentek et al., 2011; Windisch et al., 2008; Zeng et al., 2015; Zimmermann et al., 

2016).     

Nutritional impacts on health require the intercommunication between gut tissue, the central 

nervous system, and the immune system (Rehfeld, 2004; Janssen & Depoortere, 2013).  The effects 

regulated through the gut enteroendocrine cells include modification of intake, gastric passage 

time, stimulation of digestive enzymes, and immune responses (Furness et al., 1999; Ahlman & 

Nilsson, 2001;).  The intestinal lining has cells that monitor luminal contents to detect nutrients 

and support digestive processes.  Free fatty acids, when detected in the intestinal lumen, induce 

the release of bile salts and pancreatic lipases via activation of GPR40 (Furness et al., 2013). This 

causes the release of cholecystokinin, which in turn stimulates secretion of digestive enzymes 

(amylases and proteases) and signals the vagal efferent pathway, linking dietary fatty acids to 

improved nutrient digestion (Furness et al., 1999).  Phytogenic additives act on receptors in the 

intestines called transient receptor potential channels (TRP) that impact taste and smell (Ishimaru 
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& Matsunami, 2009; Holzer, 2011).  TRP receptors have been found in gastrointestinal mucosa of 

mice (Furness et al., 2013) providing evidence of endocrine signaling and sensory function of 

intestinal cells. Understanding the vast interaction of the gut with other regulatory systems is still 

not complete but does provide new targets for impacting health and performance in the animal as 

well as new targets for therapeutic products to prevent infection and disease spread.   

1.5.2 Intestinal Function and Integrity  

Intestinal barrier function is the main defense mechanism to protect the animal from 

microorganisms and pathogens in the diet and environment (Assimakopoulos & Vagianos, 2007; 

Camilleri, 2019). The layers of the intestinal barrier consist of a biological barrier consisting of 

the gut microbiota, an immune barrier made up of MALT and GALT, and a mechanical barrier 

consisting of the intestinal epithelial and endothelial cell lining (Assimakopoulos, 2011; Wells et 

al., 2017).  Specialized epithelial cells secrete mucins to create mucus that is a thick gel like layer 

as a first line of defense  (Johansson et al., 2008; Kamada & Núñez, 2014).  Mucus contains 

antimicrobial peptides such as defensins and secretory IgA to bind bacteria and help maintain 

barrier function (Turner, 2009).  Particles and substances are transported across the barrier via 

transcellular and paracellular routes (Wells et al., 2017). Transcellular transport involves 

movement through intestinal epithelial cells and requires selective transporters for example sodium 

coupled transport for glucose (Camilleri et al., 2019). Paracellular transport is via the space 

between intestinal epithelial cells and is regulated by tight junctions and adheren junctions (Turner, 

2009). There is an interdependence of both transcellular and paracellular transport to maintain a 

functioning gut barrier. Active transcellular transport requires a functioning tight junction and 

activates an intracellular signaling to influence passive transport of ions and water through the 

paracellular tight junctions (Camilleri et al., 2019).  Dietary nutrients influence intestinal barrier 
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function by interaction with GPCR that induces the regulation of metabolic functions of digestion, 

immune response and cellular signaling (Wu et al., 2011; Sun et al., 2017; Tan et al., 2017). 

Maintaining a functioning intestinal barrier requires complementary and cross functional 

regulation of gut microbiota, mucus production, epithelial cell lining, and the mucosal immune 

system.  

1.5.3 Interaction of the Gut and the Immune System  

The gut contains 70-80% of the animal’s immune cells (Castro & Arntzen, 1993) 

providing a link between the gut and immune system. This link establishes the foundation to 

understanding the impact of nutrition and nutritional components on animal health. Intestinal 

epithelial cells interact with gut immune cells via presenting antigens to dendritic cells and 

production of cytokines, chemokines, hormones and enzymes (Vitale et al., 2016). MCFA 

provided through feed can have direct and indirect effects on animal health. The direct effect of 

MCFA is to reduce pathogens in the gut and serve as an energy source to the epithelial cells. 

Research on MCFA metabolism has reported that up to 49% of C10 and 72% of C12 reaching 

the duodenum is recovered in the portal blood in rats (McDonald et al., 1980; Papamandjaris, 

1998).   

When pathogens are reduced in the gut, it has an energy sparing effect by redistributing 

energy that would have been used on an immune response towards growth and performance. 

Indirect effects of MCFA result from changes to gut microbial populations that impact immune 

function (Yoon et al., 2015). Several research studies have reported the effect of diet on gut 

microbial populations (Zhou et al., 2016; Liu et al., 2018; Yu et al., 2019; Zhao et al., 2020).  

Studies have reported a link between gut microbes and distal organ immune functions such as 

Gut-Lung, Gut-Brain, Gut-Liver providing evidence for the role it plays in infectious and chronic 
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diseases as well as immune responses (Xiao et al., 2011; Furness et al., 2013; Budden et al., 

2017; Ge et al., 2021). Suggested modes of action for gut mediated immune functions to 

pathogens involve PRRs such as TLR and microbial-associated molecular patterns (Chen et al., 

2017). Gut microbial immunity is not fully understood but has the potential to increase the 

application of nutritional strategies to support animal health via microbial derived 

immunoglobulins (Abaidullah et al., 2019).  

In summary, understanding that PRRSV infection leads to increased inflammation and is 

immune suppressive provides the basis for providing MCFA through the diet to support immune 

function.  MCFA are immune modulatory and impact T cell signaling through GPR84 (Huang et 

al., 2014) and monocyte differentiation through GPR40 (Briscoe et al., 2003).  MCFA C6, C8, 

C10, C12 have been reported to polarize naïve T cells to a Th17 and Th1 phenotype (Huang et 

al., 2014; Haghikia et al., 2015).  MCFA influence neutrophils through the activation of GPR84. 

The research presented earlier on feed mitigation using MCFA demonstrates that MCFA can 

inhibit viral infection in in vivo studies.  These findings suggest that it is possible to influence the 

immune response through nutrition and leads to the working hypothesis that dietary components 

could be capable of impacting the immune response to a respiratory disease infection.  

The overall objective of the research undertaken as part of this program was first to 

determine the impact of MCFA on viral replication of PRRSV.  The first objective was to 

evaluate the effect of individual MCFA on PRRSV replication in vitro using MARC-145 cells.  

The second objective was to expand on the knowledge gained in experiment 1 and evaluate the 

effect of MCFA combinations on PRRSV replication in MARC-145 cells.  MCFA combinations 

were determined by performance of individual MCFA in phase 1.  The third objective was to 
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evaluate the effect of a combination of MCFA delivered through feed in a nursery pig PRRSV 

challenge study.   
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 THE EFFECT OF INDIVIDUAL MCFA ON PORCINE 

REPRODUCTIVE RESPIRATORY SYNDROME VIRUS 

REPLICATION IN MARC-145 CELLS  

 Abstract  

Porcine reproductive and respiratory syndrome virus (PRRSV) is estimated to cost the US 

Swine Industry $664 million annually in production losses. Therefore, the objective of this 

experiment was to evaluate the effect of MCFA on PRRSV replication in vitro using MARC-145 

cells, which are a subclone of the African Green Monkey Kidney MA104 cells, that are highly 

permissive to PRRSV. Individual MCFA (C6: caproic acid, C8: caprylic acid, C10: capric acid, 

and C12: lauric acid) were used in in vitro analysis to determine the impact on viral replication of 

PRRSV. Each MCFA was evaluated at 7 concentrations ranging from 1 to 1000 µg/mL with Type 

II North American (P-129) and Type I European (Lelystad) PRRSV. Viral replication was 

determined using FITC labeled IgG anti-PRRSV monoclonal antibody (SDOW-17-F RTI Labs 

Brookings South Dakota) and median tissue culture infectious dose Log10 TCID50/mL values were 

calculated. Data were analyzed using the Proc Mixed procedure of SAS.  Adding caproic acid (C6) 

had no effect on viral replication of PRRSV in MARC-145 cells.  Caprylic acid (C8) reduced (P 

< 0.01) viral replication of PRRSV at the highest concentration of 1000 µg/mL in type II and I 

virus strains. Capric acid (C10) reduced (P < 0.01) viral replication at 300 µg/mL with type II virus 

strain and reduced (P < 0.01) viral replication of PRRSV at concentrations of 300 and 1000 µg/mL 

with type I virus strain.  Lauric acid (C12) reduced (P < 0.01) viral replication of PRRSV at 

concentrations of 100 and 300 µg/mL with type II and I virus strains. In conclusion, the results of 

this experiment demonstrate that caprylic, capric and lauric acids were able to reduce PRRSV 

replication in MARC-145 cells with a 1.2 to 4.2 log reduction.  
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 Introduction  

The swine industry has been impacted by PRRSV for over 30 years. PRRSV is an 

enveloped single, positive strand RNA virus in the Arteriviridae family of viruses in the order of 

Nidovirales. PRRSV infection results in reproductive failure in sows and gilts as well as respiratory 

illness in all phases of pig production; resulting in an estimated $664 million in annual production 

losses for the US Swine Industry (Holtkamp et al., 2013). Veterinarians and producers have used 

several PRRSV prevention strategies over the years including reduced animal movement and 

mixing, heightened biosecurity measures, and herd vaccination. Control or prevention of PRRSV 

has been challenging due to persistently infected animals in the herd, high transmission rates 

between animals, and rapid development of genetic variants. Additional challenges include genetic 

evolution of highly virulent strains identified as recently as 2020, which increase the genetic 

diversity of PRRSV in global pig producing regions  (Jiang et al., 2020; Kvisgaard et al., 2020; 

Park et al., 2020). This robust genetic diversity in PRRSV has caused a lack of vaccine efficacy 

and cross protection between strains (Butler et al., 2014).  

The primary target of PRRSV is porcine alveolar macrophages.  However, the MARC-145 

cell line, a subclone of the African Green Monkey Kidney cell line, are susceptible to PRRSV 

infection and have been used in in vitro testing (Kim et al., 1993). The mechanisms involved in 

PRRSV attachment and entry into the cell use glycoproteins (GP3, GP4, GP5, and M) on the viral 

envelope that bind to cellular receptors CD163, heparan sulfate, and sialodhesin (Delputte et al., 

2002 and 2007; Guo et al., 2017).  Following endocytosis and membrane fusion, the viral genome 

is released into the cytoplasm, leading to viral replication. Prevention of PRRSV infection could 
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be achieved by inhibiting attachment and entry into the macrophages or the release of the viral 

genome in the cytoplasm.   

MCFA have been used in swine industry diets to promote animal performance and as 

alternatives to antibiotics (Gebhardt et al., 2020; Thomas et al., 2020).  MCFA ranging from C6 to 

C12 and have been reported to be effective against a wide variety of pathogens (Yoon et al., 2018) 

and pose a reduced risk of bacterial resistance. The primary proposed mode of action of MCFA is 

disruption of bacterial membranes and virus envelopes (Kim and Rhee 2013; Jackman et al., 2020). 

MCFA have immunomodulatory effects in the animal, specifically with T cell lymphocytes, 

leading to a TH1 and TH17 response through the GPR84 receptor (Huang et al., 2014). 

Additionally MCFA have been reported to be anti-inflammatory with reduced cytokine production 

(Zhang et al., 2016) and improved immune response (Martínez-Vallespín et al., 2016). 

Understanding that PRRSV infection leads to an increased inflammation in lung tissue and is 

immune suppressive, provides a basis for investigating MCFA supplementation in a PRRSV 

challenge.  

 Materials and Methods  

2.3.1 General  

This was the first in a series of experiments to test the hypothesis that MCFA could inhibit 

or reduce PRRSV infection and working towards our overall hypothesis that providing MCFA to 

pigs through feed could inhibit or reduce PRRSV infection.  This experiment was designed to test 

individual MCFA (C6, C8, C10, and C12) on their effectiveness to reduce PRRSV replication in 

MARC-145 cells. Type II and Type I PRRSV strains were used to be an indicator of heterologous 

protection and determine if individual MCFA had different effects by strain. The MCFA were 
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tested at varying concentrations ranging from 1 to 1000 µg/mL.  The PRRSV was mixed in a 50:50 

mixture with MCFA concentrations or growth media prior to inoculation of MARC-145 cells. All 

tests were conducted in triplicate with a plate to plate control as a quality control measure to 

monitor viral contamination.   

Data were analyzed using the PROC MIXED procedure in SAS 9.4 (SAS Institute INC., 

Cary, NC), with plate as the experimental unit. Median tissue culture infectious dose Log10 

TCID50/mL is defined as the dilution of virus required to infect 50% of the cell monolayer.  Log10 

TCID50/mL values were calculated (Δt = the number of inoculated wells at *t and below divided 

by the number of wells inoculated at each dilution -0.5; *t = the lowest virus dilution demonstrating 

100% infectivity; [for example when *t = viral dilution 4; 10 wells inoculated at each virus dilution; 

and 2 wells below dilution 4 are positive; Log 10TCID50/ml= LOG10(10^(4+((10+2)/10)-0.5)/0.5])  

based on the Karber method for each treatment (Karber, 1931). Data are presented as LS means 

with mean separation determined using the Pdiff statement if the main treatment effect was 

significant (P < 0.05).  Statistical significance was defined as P ≤ 0.05 and a tendency was defined 

as 0.05 < P ≤ 0.10. 

2.3.2 Cell Culture  

Meat Animal Research Center -145 (MARC-145) cells, which are a subclone of African 

Green Monkey Kidney MA104 cells, that are highly permissive to PRRSV, were used as an 

immortal cell model.  MARC-145 cells were cultured in growth media consisting of Dulbecco’s 

Modified Eagles Medium (DMEM, Science Cell, #09221) supplemented with 10% heat 

inactivated fetal bovine serum (Sigma, #F4135), 50 µL/500 mL of gentamicin, 5mL/500 mL of 

antibiotic/antimycotic solution (100x) and 5mL/500 mL of L-glutamine (200nM). Cells were 

maintained in 250 mL/75 cm2 tissue culture flasks in a 37 ºC incubator with 5% CO2. Cells were 
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trypsinized with trypsin/EDTA solution (Science Cell # 0103) and seeded in 96 well flat bottom 

tissue culture plates with low evaporation lid (VWR, #0132). Type II North American (P129) and 

Type I European (Lelystad) PRRSV Strains were propagated in MARC-145 cells to prepare virus 

stocks and stored at -80ºC in 1mL aliquots.   

2.3.3 Virus Infection  

MARC-145 cells were seeded onto 96 well tissue culture plates and incubated at 37 ºC in 

a 5% CO2 environment for 48 h. MCFA concentrations were prepared through serial dilutions in 

growth media to achieve 1, 3, 10, 30, 100, 300, and 1000 µg/mL concentrations. Virus dilutions 

were prepared via 8 serial dilutions to achieve (1x10-1 to 1x10-8 viral infective particles/mL) virus 

concentrations. Virus concentrations were then used to make a 50:50 mixture of virus and MCFA 

or growth media to be used for inoculation.  After the 48 h incubation, wells were washed with 

growth media and then exposed to MCFA concentrations at a volume of 100 µL/well.  Plates were 

then incubated for 2 h at 37 ºC in a 5% CO2 environment. Immediately following the 2 h 

incubation, wells were washed with growth media and inoculated with 100 µL of the 50:50 mixture 

of virus and MCFA or growth media. Plates were then incubated for 1 h at 37 ºC in a 5% CO2 

environment and then virus was removed, and plates were washed with growth media. MCFA 

concentrations were added to each well at a volume of 100 µL/well, and plates were incubated for 

48 h at 37 ºC in a 5% CO2 environment.   

2.3.4 Immunofluorescence Staining  

MARC-145 cell plates were removed from the incubator after 48 h and wells were washed 

with 100 µL of phosphate buffered saline (PBS, Rockland Inc., #MB-008). Wells were fixed with 

50 µL of 80% acetone and plates were incubated at room temperature for 10 minutes. Acetone was 
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removed, and plates were dried for 4h at room temperature.  Wells were washed with 100 µL of 

PBS, blocked with 100 µL of bovine serum albumin blocking buffer (BSA, Jackson Immuno 

Research Lab, Inc., #001-000-162) and incubated at room temperature for 30 minutes.  Wells were 

washed with 100 µL of PBS, stained with 50 µL of FITC labeled IgG anti-PRRSV monoclonal 

antibody (SDOW17-F RTI Labs Brookings, South Dakota) and incubated at 37 ºC in a 5% CO2 

environment for 30 minutes.  Stained wells were washed twice with 100 µL of PBS and visualized 

under a UV microscope to determine viral replication within the MARC-145 cells. The median 

tissue culture infective dose Log10 TCID50/mL was calculated for each MCFA concentration and 

control (Karber, 1931).  

 Results of In vitro PRRSV Replication in MARC-145 

Incubation of MARC-145 cells with caproic acid (C6) at concentrations of 1-1000 µg/mL 

prior to and after inoculation with Type II North American (P129)  (Figure 2.1) or Type I European 

(Lelystad) PRRSV (Figure 2.2) did not alter viral replication (P > 0.10). However, incubation of 

MARC-145 cells with caprylic (C8), capric (C10), and lauric (C12) acid prior to and after 

inoculation with Type II and Type I PRRSV did lead to reductions in viral replication.  In general, 

the effective dose required to result in a reduction in Log10 TCID50/mL (P < 0.05) viral replication 

decreased as chain length increased.   

Specifically, caprylic acid (C8) resulted in 2.02 and 3.02 log reductions in Log10 

TCID50/mL (P < 0.01) viral replication of the Type II North American (P129, Figure 2.3) and Type 

I European (Lelystad, Figure 2.4) PRRSV, respectively, when supplied at 1000 µg/mL. Lower 

concentrations of caprylic acid were unable to reduce viral replication (P > 0.05).  

Reductions in viral replication, as determined by Log10TCID50/mL, were observed at 300 

µg/mL of capric acid (C10) for Type II (3.23 log reduction; Figure 2.5; P < 0.01) and Type I (3.85 
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log reduction; Figure 2.6; P < 0.01) PRRSV. Increasing concentrations of capric acid to 1000 

µg/mL resulted in a further reduction in Log10 TCID50/mL (4.17 log reduction; P < 0.01) for Type 

I European (Lelystad) PRRSV. However, 1000 µg/mL of capric acid in conjunction with Type II 

North American (P129) PRRSV resulted in the removal of the MARC-145 cells from the 

microtiter plate, making it impossible to evaluate the effectiveness of higher doses in vitro.   

Lauric acid (C12) resulted in 0.90 and 1.2 log reductions in Log10 TCID50mL (P < 0.01) 

viral replication of Type II North American (P129; Figure 2.7) and Type I European (Lelystad; 

Figure 2.8) PRRSV, respectively, when supplied at 100 µg/mL. Further reduction in Log10 

TCID50/mL resulted with increasing the concentration of lauric acid to 300 µg/mL (2.23 and 2.63 

log reductions; P < 0.01) for Type II and Type I, respectively. Lauric acid in combination with 

both PRRSV strains at 1000 µg/mL resulted in the MARC-145 cells being removed from the 

microtiter plate, making it impossible to determine the effectiveness of higher doses in vitro.   

 Discussion  

The objective of this experiment was to determine the effect of individual MCFA on 

PRRSV replication in two genetically different virus strains using MARC-145 cells. The MCFA 

used were C6, C8, C10, and C12 as previous research had reported antibacterial properties (Kabara 

et al., 1977) of these MCFA. More recent studies have reported MCFA have efficacy against 

envelope viruses (Thormar et al., 1987; Jackman et al., 2020b) as well as bacteria (Yoon et al., 

2018; Kovanda et al., 2019). Our results indicate that C8, C10, and C12 are effective at reducing 

PRRSV replication in MARC-145 cells. There are differences in the effectiveness between MCFA 

as it appears to be dependent on concentration and chain length.  Our data suggests that increasing 

chain length decreases the effective concentration as C12 is effective at reducing viral replication 

at 100 µg/mL in both virus strains while C10 is effective at 300 µg/mL and C8 is effective at 1000 
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µg/mL. The varying degree of effectiveness with MCFA in our experiment is in agreement with 

previous research (Lerner et al., 2020) that reported the effectiveness at reducing viral particles in 

feed is also increased with chain length at lower concentrations when comparing C5, C6, C8, and 

C10.  The antibacterial properties of MCFA are also dependent upon chain length with shorter 

chains being more effective against gram-negative bacteria and longer chains being more effective 

against gram-positive bacteria (Gebhardt et al., 2020).   

Feed mitigation is an area of increased research focus since the emergence of PEDV in the 

US Swine Industry in 2013. The use of MCFA to reduce viral transmission of PEDV via feed has 

been investigated using individual MCFA as well as a combination of MCFA. The results reported 

higher cycle threshold (Ct) values with MCFA present in the feed and the inhibition of PEDV 

infection in an in vivo model (Lerner et al., 2020).  PRRSV and PEDV are two viruses of high 

economic importance to the US Swine Industry and both are enveloped RNA viruses.  Recent 

research has shown MCFA to be effective against both viruses in feed (Cochrane et al., 2016; Dee 

et al., 2020; Lerner et al., 2020). PRRSV is mainly thought of as aerosol transmission threat, and 

not transmitted through feed or feed ingredients. However, PRRSV has been detected in feed 

samples and present in oral fluids and serum samples of pigs consuming positive feed (Dee et al., 

2020).  MCFA added in feed prior to inoculation with PRRSV and PEDV have inhibited viral 

transmission of PRRSV and PEDV in an in vivo model (Dee et al., 2020).   

This experiment focused on the impact of individual MCFA and their antiviral activity 

against PRRSV in cell culture. The results of this experiment support our hypothesis that MCFA 

can reduce viral replication of PRRSV in MARC-145 cells. One effect noted on the higher 

concentrations of longer chain MCFA C10 and C12 was the removal of cells from the microtiter 

plates. This should be considered in future research to fully evaluate the effectiveness of MCFA 
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at higher concentrations. The efficacy at lower concentrations when using combinations of MCFA 

have been reported in feed mitigation research (Lerner et al., 2020).  C10 and C12 having efficacy 

at 300 and 100 µg/mL, leads to the approach of using a smaller step up program from 100 to 500 

µg/mL for each MCFA combination.  In conclusion, C8, C10, and C12 should be investigated in 

combination with each other to evaluate if any synergies exist to reduce PRRSV replication.  Next 

steps would be to conduct additional research on the mode of action through which MCFA reduce 

viral replication of PRRSV and work towards a nutritional application of MCFA for swine.  
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Figure 2.1 Incubation of M145 cells with caproic acid (C6) prior to and after inoculation with 

Type II North American (P129) PRRSV did not (P > 0.05) affect PRRSV replication. Log10 

TCID50/mL values were calculated based on the Karber method.   
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Figure 2.2 Incubation of M145 cells with caproic acid (C6) prior to and after inoculation with 

Type I European (Lelystad) PRRSV did not (P > 0.05) affect PRRSV replication. Log10 

TCID50/mL values were calculated based on the Karber method.    
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Figure 2.3 Incubation of M145 cells with caprylic acid (C8) prior to and after inoculation with 

Type II North American (P129) PRRSV resulted in a 2.02 log reduction (P < 0.01) in PRRSV 

replication at the 1000 µg/mL concentration. Log10 TCID50/mL values were calculated based on 

the Karber method. abLetters indicated differences (P < 0.05).   
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Figure 2.4 Incubation of M145 cells with caprylic acid (C8) prior to and after inoculation with 

Type I European (Lelystad) PRRSV resulted in a 3.02 log reduction (P < 0.01) in PRRSV 

replication at the 1000 µg/mL concentration. Log10 TCID50/ml values were calculated based on 

the Karber method. abLetters indicated differences (P < 0.05).   
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Figure 2.5 Incubation of M145 cells with capric acid (C10) prior to and after inoculation with 

Type II North American (P129) PRRSV resulted in a 3.23 log reduction (P < 0.01) in PRRSV 

replication at the 1000 µg/mL concentration. Log10 TCID50/ml values were calculated based on 

the Karber method. abLetters indicated differences (P < 0.05).   
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Figure 2.6 Incubation of M145 cells with capric acid (C10) prior to and after inoculation with 

Type I European (Lelystad) PRRSV resulted in a 3.85 and 4.17 log reduction (P < 0.01) in 

PRRSV replication at the 300 µg/mL and 1000 µg/mL concentration respectively. Log10 

TCID50/ml values were calculated based on the Karber method.  abLetters indicated differences 

(P < 0.05).   
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Figure 2.7 Incubation of M145 cells with lauric acid (C12) prior to and after inoculation with 

Type II North American (P129) PRRSV resulted in a 1.2 and 2.23 log reduction (P < 0.01) in 

PRRSV replication at the 100 µg/mL and 300 µg/mL concentration, respectively. Log10 

TCID50/mL values were calculated based on the Karber method. abcLetters indicated differences 

(P < 0.05).   
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Figure 2.8 Incubation of M145 cells with lauric acid (C12) prior to and after inoculation with 

Type I European (Lelystad) PRRSV resulted in a 0.9 and 2.63 log reduction (P < 0.01) in 

PRRSV replication at the 100 µg/mL and 300 µg/mL concentration respectively. Log10 

TCID50/mL values were calculated based on the Karber method.  abc Letters indicated differences 

(P < 0.05). 
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 THE EFFECT OF MCFA COMBINATIONS ON 

PORCINE REPRODUCTIVE RESPIRATORY SYNDROME VIRUS 

REPLICATION IN MARC-145 CELLS 

 Abstract  

Porcine reproduction and respiratory syndrome virus (PPRSV) prevention strategies 

include decreased animal movement, heightened biosecurity, and vaccination. However, even with 

these strategies 20-30% of US swine herds experience PRRSV infections each year. Therefore, the 

objective of this experiment was to evaluate the effect of medium chain fatty acids (MCFA) on 

PRRSV replication in MARC-145 cells. Individual MCFA that were found to be effective in our 

previous research (Chapter 2; C8 caprylic acid, C10 capric acid, and C12 lauric acid) were used in 

several combinations to determine the impact on replication of PRRSV in MARC-145 cells. Each 

MCFA combination (C8:C10, C8:C12, C10:C12, and C8:C10:C12) was mixed in a 1:1 ratio 

(wt:wt) and evaluated at 6 concentrations ranging from 50 to 500 µg/mL of growth media. Type 

II North American (P-129) and Type I European (Lelystad) PRRSV were evaluated. Viral 

replication was determined using FITC labeled IgG anti-PRRSV monoclonal antibody (SDOW-

17-F RTI Labs Brookings South Dakota) and median tissue culture infectious dose Log10 

TCID50/mL values were calculated. Data were analyzed using the Proc Mixed procedure of SAS.  

C8:C10, C8:C12, C10:C12, and C8:C10:C12 combinations all reduced (P < 0.01) viral replication 

of PRRSV at concentrations of 200-500 µg/mL in both type II and type I PRRSV strains. The 

MCFA combination C8:C10:C12 was used to determine if the reduction in viral replication was 

the result of treating the cells or the virus. Incubating only the MARC-145 cells with C8:C10:C12 

but not the virus alone resulted in a reduction (P <0.01) in viral replication with concentrations of 

200-500 µg/mL in both PRRSV strains. In conclusion, results of this experiment demonstrated that 
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MCFA combinations used were able to reduce PRRSV viral replication in MARC-145 cells and 

the effect of MCFA was the result of an effect on the MARC-145 cells, not the PRRSV.  

Keywords: MCFA, PRRSV, Viral Replication, Swine  

 Introduction  

PRRSV is a challenging pathogen for swine producers, veterinarians, and nutritionists to 

completely understand and prevent. PRRSV is an aerosol pathogen and therefore can travel many 

miles, spreading the disease to neighboring barns. PRRSV is an enveloped, single positive stranded 

RNA virus in the Arteriviridae family of viruses in the order of Nidovirales.  PRRSV is prone to 

mutations adding to the complexity of disease management and prevention. The genetic diversity 

and variant strains have prevented cross protective immunity from vaccines (Jiang et al., 2020).  

The ability of PRRSV to suppress immune function and evade the host immune response causes 

infected herds to experience recurring breaks and prolonged production losses. Prevention 

strategies implemented by veterinarians and producers are decreased animal movements, 

heightened biosecurity, and vaccine programs.  Even with these strategies PRRSV infections are 

estimated to cost the US Swine Industry $664 million annually in production losses (Holtkamp et 

al., 2013). Jiang et al., (2020) reported that genetic variants and recombination have led to more 

virulent strains and greater genetic diversity, hindering PRRSV control and vaccination strategies.   

MCFA have been reported to be effective against a wide variety of bacteria and viruses 

(Wang & Johnson, 1992; Lee, 2015; Du et al., 2017; Yoon et al., 2018; Jackman et al., 2020) 

making them viable candidates as alternative to antibiotics in animal production.  MCFA target 

the membrane of pathogens and thereby reduce the opportunity to develop resistance (Desbois & 

Smith, 2010; Schlievert & Peterson, 2012).   
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Specific to PRRSV, MCFA are of interest due to their ability to disrupt the bilipid envelope 

(Du et al., 2017). There are three cellular receptors/mediators known in the pathway of PRRSV 

entry into macrophages (De Baere et al., 2012): 1) heparan sulphate is an important external 

attachment factor on the cell membrane, 2) porcine sialoadhesin (PoSn) influences binding and 

internalization of virus with the receptor, and 3) hemoglobin scavenger receptor CD163 is involved 

in membrane fusion and release of the viral genome (Van Breedam et al., 2010).  PRRSV 

attachment and endocytosis into the cell uses glycoproteins (GP3, GP4, GP5, and M) on the viral 

envelope to bind to cellular receptors (Delputte et al., 2002 and 2007, Guo et al., 2017). 

Endocytosis of PRRSV leads to a critical step of membrane fusion that releases the viral genome 

into the cytoplasm leading to viral replication (Mas & Melero, 2013). Prevention of PRRSV 

infection could be achieved by inhibiting attachment to the cell or inhibition of membrane fusion. 

MCFA could interrupt PRRSV attachment to the cellular receptor through disruption of the viral 

envelope or membrane fusion and inhibit the release of the viral genome.   

Therefore, our hypothesis was that combinations of MCFA based on previous data from 

individual MCFA (Chapter 2) would reduce viral replication of PRRSV at lower concentrations in 

MARC-145 cells infected with PRRSV. This research was designed to further our understanding 

in the application of MCFA to inhibit or reduce PRRSV replication in MARC-145 cells.     

 Materials and Methods  

3.3.1 General  

This was the second experiment in a series to test the hypothesis that MCFA could inhibit 

or reduce PRRSV infection and building towards our overall hypothesis that providing MCFA to 

pigs through feed would inhibit or reduce PRRSV infection.  This experiment was designed to test 
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combinations of MCFA (C8:C10, C8:C12, C10:C12, and C8:C10:C12) on their effectiveness to 

reduce PRRSV replication in MARC-145 cells. Type II North American (P129) and Type I 

European (Lelystad) PRRSV strains were used as an indicator of heterologous protection and to 

determine if MCFA combinations had strain specific effects. The MCFA combinations were tested 

at concentrations ranging from 50 to 500 µg/mL of growth media.  The PRRSV was mixed in a 

50:50 mixture with the MCFA concentrations prior to inoculation of MARC-145 cells. All tests 

were conducted in triplicate with plate to plate controls as a quality control to monitor viral 

contamination.   

Data were analyzed using the PROC MIXED procedure in SAS 9.4 (SAS Institute INC., 

Cary, NC), with plate as the experimental unit. Median tissue culture infectious dose Log10 

TCID50/mL is defined as the dilution of virus required to infect 50% of the cell monolayers.  Log10 

TCID50/mL values were calculated (Δt = the number of inoculated wells at *t and below divided 

by the number of wells inoculated at each dilution -0.5; *t = the lowest virus dilution demonstrating 

100% infectivity; [for example when *t = viral dilution 4; 10 wells inoculated at each virus dilution; 

and 2 wells below dilution 4 are positive; Log 10TCID50/ml= LOG10(10^(4+((10+2)/10)-

0.5)/0.5])based on the Karber method for each treatment (Karber, 1931). Data are presented as LS 

means with mean separation determined using the Pdiff statement if the main treatment effect was 

(P < 0.05).  Statistical significance was defined as P ≤ 0.05 and a tendency was defined as 0.05 < 

P ≤ 0.10.  

3.3.2 Cell Culture  

Meat Animal Research Center -145 (MARC-145) cells, which are a subclone of African 

Green Monkey Kidney MA104 cells, that are highly permissive to PRRSV, were used as an 

immortal cell model.  MARC-145 cells were cultured in growth media consisting of Dulbecco’s 
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Modified Eagles Medium (DMEM, Science Cell, #09221) supplemented with 10% heat 

inactivated fetal bovine serum (Sigma, #F4135), 50 µL/500 mL of gentamicin, 5 mL/500 mL of 

antibiotic/antimycotic solution (100x; Gibco #15240) and 5 mL/500 mL of L-glutamine (200nM). 

Cells were maintained in 250 mL/75 cm2 tissue culture flasks in a 37 ºC incubator with 5% CO2.  

Cells were trypsinized with trypsin/EDTA solution (Science Cell # 0103) and seeded in 96 well 

flat bottom tissue culture plates with low evaporation lid (VWR, #0132). Type II North American 

(P129) and Type I European (Lelystad) PRRSV strains were propagated in MARC-145 cells to 

prepare virus stocks and stored at -80ºC in 1mL aliquots.   

3.3.3 Virus Infection  

MARC-145 cells were seeded onto 96 well tissue culture plates and incubated at 37ºC in a 

5% CO2 environment for 48 h. MCFA combinations were mixed in 1:1 ratios (wt:wt) of C8:C10, 

C8:C12, C10:C12, or C8:C10:C12. MCFA concentrations were prepared through serial dilutions 

in growth media to achieve 50, 100, 200, 300, 400, and 500 µg/mL concentrations. Viral dilutions 

were prepared via 8 serial dilutions to achieve (1x10-1 to 1x10-8 viral infective particles/mL) virus 

concentrations. Virus concentrations were then used to make a 50:50 mixture of virus and MCFA 

or growth media to be used for inoculation.  After the 48 h incubation, wells were washed with 

growth media and exposed to MCFA concentrations at a volume of 100 µL/well.  Plates were then 

incubated for 2 h at 37ºC in a 5% CO2 environment. Immediately following the 2 h incubation, 

wells were washed with growth media and inoculated with 100 µL of the 50:50 mixture of virus 

and MCFA or growth media. Plates were then incubated for 1 h at 37ºC in a 5% CO2 environment 

and then washed with growth media. MCFA concentrations were added back to each well at a 

volume of 100 µL/well, and plates were incubated for 48 h at 37ºC in a 5% CO2 environment.   
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3.3.4 Mode of action evaluation  

Additional testing was conducted to determine if the effect of MCFA were mediated 

through MARC-145 cells, PRRSV, or both. The virus infection described above tested the 

combination of treating both MARC-145 cells and PRRSV.  Therefore, procedures from above 

were modified to treat the MARC -145 cells or the PRRSV independently.  MARC-145 cells were 

seeded onto 96 well tissue culture plates and incubated at 37 ºC in a 5% CO2 environment for 48 

h. The MCFA combination of C8:C10:C12 was prepared and concentrations were made through 

serial dilutions in growth media to achieve 50, 100, 200, 300, 400, and 500 µg/mL concentrations. 

Viral dilutions were prepared via serial dilutions in growth media to achieve (1x10-1 to 1x10-8 viral 

infective particles/mL) virus concentrations. Virus concentrations were then used to make a 50:50 

mixture of virus and MCFA or virus and growth media to be used for inoculation. Testing the 

effect on MARC-145 cells was through MARC-145 exposure to MCFA concentrations. Testing 

the effect on the PRRSV alone was through virus exposure to MCFA in a 50:50 mixture.  After 

the 48 h incubation, wells were washed with growth media and exposed to MCFA concentrations 

at a volume of 100 µL/well.  Plates were then incubated for 2 h at 37ºC in a 5% CO2 environment. 

Immediately following the 2 h incubation, wells were washed with growth media and inoculated 

with 100 µL of the 50:50 mixture of virus and MCFA or virus and growth media. Plates were then 

incubated for 1 h at 37ºC in a 5% CO2 environment and then washed with growth media. MCFA 

concentrations or growth media were added to each well at a volume of 100 µL/well, and plates 

were incubated for 48 h at 37 ºC in a 5% CO2 environment. 

3.3.5 Immunofluorescence Staining  

MARC-145 cell plates were removed from the incubator after 48 h and wells were washed 

with 100 µL of phosphate buffered saline (PBS, Rockland Inc., #MB-008). Wells were fixed with 
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50 µL of 80% acetone and plates were incubated at room temperature for 10 minutes. Acetone was 

removed, and plates were then dried for 4 h at room temperature.  Wells were washed with 100 

µL of PBS, then blocked with 100 µL of bovine serum albumin blocking buffer (BSA, Jackson 

Immuno Research Lab, Inc., #001-000-162) and incubated at room temperature for 30 minutes.  

Wells were then washed with 100 µL of PBS and then 50 µL of FITC labeled IgG anti-PRRSV 

monoclonal antibody (SDOW17-F RTI Labs Brookings, South Dakota) was added to each well 

and incubated at 37 ºC in a 5% CO2 environment for 30 minutes. This monoclonal antibody 

recognizes a highly conserved epitope on the nucleocapsid protein of PRRSV.  Wells were then 

washed twice with 100 µL of PBS and visualized under a UV microscope to determine viral 

replication within the MARC-145 cells. The wells having adherence of the antibody were bright 

green in color and were recorded as PRRSV infected. The median tissue culture infective dose 

Log10 TCID50/mL was calculated for each MCFA concentration and control (Karber, 1931).  

 Results of In vitro PRRSV Replication in MARC-145 

Incubation of MARC-145 cells and virus with MCFA combinations prior to and after 

inoculation with Type II North American (P129) and Type I European (Lelystad) PRRSV led to a 

reduction in viral replication..  

The caprylic and capric acid combination (C8:C10) resulted in a 2.20 and 3.30 log reduction 

in Log10 TCID50/mL (P < 0.01) viral replication of Type II North American (P129) PRRSV at 200 

and 300 µg/mL concentrations, respectively (Figure 3.1). Increasing concentrations of the caprylic 

and capric acid combination to 400 and 500 µg/mL resulted in 4.07 and 4.03 log reductions in 

Log10 TCID50/mL viral replication, respectively (P < 0.01). The combination of caprylic and capric 

acid performed similar in Type I European (Lelystad) PRRSV (Figure 3.2) resulting in a 1.90, 
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2.64, 4.14, and 4.10 log reduction in Log10 TCID50/mL (P < 0.01) viral replication at 200, 300, 

400, and 500 µg/mL concentrations, respectively.   

Reductions in viral replication, as determined by Log10 TCID50/mL, were observed at 200 

µg/mL for the combination of caprylic and lauric acid (C8:C12) with Type II (3.80 log reduction; 

Figure 3.3; P < 0.01) and Type I (3.44 log reduction; Figure 3.4; P < 0.01) PRRSV. Increasing the 

concentration of caprylic and lauric acid (C8:C12) to 300 µg/mL resulted in a 4.20 log reduction 

in Log10 TCID50/mL viral replication with Type II (P < 0.01) and Type I (P < 0.01) PRRSV strains. 

Further increase in MCFA concentrations to 500 µg/mL did not further reduce viral replication.    

Capric and lauric acid combination (C10:C12) resulted in a 2.14 and 2.94 log reduction in 

Log10 TCID50/mL ( P < 0.01) viral replication of Type II North American (P129) PRRSV (Figure 

3.5) at 200 and 300 µg/mL concentrations, respectively. Higher concentrations of capric and lauric 

acid resulted in a further 4.20 and 4.27 log reduction in Log10 TCID50/mL (P < 0.01) viral 

replication at 400 and 500 µg/mL, respectively.  The combination of capric and lauric acid resulted 

in a 3.37, 4.20, 4.20, and 4.09 log reduction in Log10 TCID50/mL (P < 0.01) replication in Type I 

European (Lelystad) PRRSV at 200, 300, 400, and 500 µg/mL concentrations, respectively (Figure 

3.6).   

The caprylic, capric, and lauric acid combination (C8:C10:C12) resulted in a 2.97 and 2.54 

log reduction in Log10 TCID50/mL (P < 0.01) viral replication for Type II North American (P129) 

(Figure 3.7) and Type I European (Lelystad) PRRSV (Figure 3.8), respectively, when supplied at 

200 µg/mL. Higher concentrations further reduced viral replication in both PRRSV strains.  Viral 

replication incurred a 4.20 log reduction in Log10 TCID50/mL (P < 0.01) at 300, 400, and 500 

µg/mL for the Type II North American (P129) PRRSV. Viral replication of Type I European 
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(Lelystad) PRRSV was reduced (P < 0.01) by a 3.74, 3.77, and 3.77 log reduction in Log10 

TCID50/mL at 300, 400, and 500 µg/mL respectively.    

In general, MCFA combinations reduced viral replication at concentrations of 200 µg/mL 

and above. To determine if the effect was on MARC-145 cells or PRRSV itself, each were 

independently incubated with MCFA.  Type II North American (P129) (Figure 3.9) or Type I 

European (Lelystad) PRRSV (Figure 3.10) incubated with MCFA prior to inoculation did not 

affect viral replication (P > 0.10). However, incubation of MARC-145 cells with C8:C10:C12 

prior to and after inoculation with Type II and Type I PRRSV did lead to a significant reduction 

in viral replication.  Reductions in viral replication, as determined by Log10 TCID50/mL, were 

observed at 200 µg/mL of C8:C10:C12 for Type II (1.34 log reduction; Figure 3.11; P <0.01) and 

Type I (1.56 log reduction; Figure 3.12; P < 0.01) PRRSV.  Higher concentrations of C8:C10:12 

led to 4.17, 4.27, and 4.27 log reduction in Log10 TCID50/mL replication for Type II PRRSV at 

300, 400, and 500 µg/mL concentrations, respectively (P < 0.01).  C8:C10:C12 resulted in a 4.14 

log reduction in Log10 TCID50/mL (P < 0.01) viral replication of the Type I PRRSV at 

concentrations of 300, 400, and 500 µg/mL. These results indicate that the inhibition observed 

with MCFA is a specific effect on MARC-145 cells and not the PRRSV itself.   

 Discussion  

The objective of this study was to determine the effect of MCFA combinations on PRRSV 

replication in two genetically different PRRSV strains using MARC-145 cells. The MCFA 

combinations used were caprylic and capric acids (C8:C10), caprylic and lauric acids (C8:C12), 

capric and lauric acids (C10:C12), and caprylic, capric, and lauric acids (C8:C10:C12).  These 

combinations were determined from previous research with individual MCFA (Chapter 2).  The 

MCFA combinations were mixed in a 1:1 ratio on a wt:wt basis.  Two genetically different strains 
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of PRRSV were used to gain an understanding of the potential anti-viral properties of MCFA 

between strains, because there is a lack of cross strain protection from current PRRSV vaccines.  

These results are aligned with the results from Chapter 2 and demonstrate a similar response of 

MCFA combinations both the Type II North American (P129) and Type I European (Lelystad) 

PRRSV strains. This indicates that MCFA could inhibit PRRSV replication and offer cross 

protection across different strains. Compared to the results reported in Chapter 2 the combination 

of MCFA appear to have synergistic responses as demonstrated with higher reduction in viral 

replication reported for all combinations. Our data is in agreement with earlier research that 

reported MCFA were effective in reducing viral infection in cell culture (Hilmarsson et al., 2005). 

Caprylic acid has been shown to be effective against enveloped viruses (Dichtelmuller et al., 2002).  

Viruses are obligate intracellular parasites that utilize host cellular components in replication, 

assembly, and secretion (Heaton and Randall 2011; Mazzon and Mercer 2014).  Envelope viruses 

modify lipid metabolism and alter intracellular membranes to enhance viral replication sites within 

the cell (Hsu et al., 2010).  Fatty acids have been reported to modify cellular membrane structure 

that in turn can prevent membrane fusion (Van Meer et al., 2008; Lorizate et al., 2013), thereby 

inhibiting viral replication. Previous research on viral entry has reported cholesterol to be an 

important component of cell membranes and when cholesterol was depleted in the MARC-145 

cells PRRSV infection was inhibited (Huang et al.,2011; Ying et al., 2011). Cholesterol through 

lipid rafts in the cellular membrane is critical to viral entry and fusion (Ono and Freed, 2005). 

Modifications to fatty acid metabolism have been reported to be inhibitory to PRRSV infection in 

vitro (Long et al., 2019).  Our results indicate that MCFA reduce viral replication through an effect 

on MARC-145 cells and not by an effect on the virus prior to inoculation.  These findings suggest 

that one possible mode of action of MCFA might be the modification of cell membrane 
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components and interference with the attachment or release of the virus resulting in reduced viral 

replication.    

Multiple studies have reported the inhibition of pathogenic bacteria by MCFA ( Kabara et 

al., 1977; Hanczakowska et al., 2010, 2011; Schlievert & Peterson, 2012; Yoon et al., 2018). 

MCFA support the growth of beneficial bacteria, through inhibition of pathogenic bacteria, 

enhancing digestion and nutrient utilization (Decuypere & Dierick, 2003; Calder, 2008; Baltić et 

al., 2017). MCFA can support gut function as a direct energy source for enterocytes, by promoting 

intestinal lining integrity (Zentek et al., 2011), and through anti-inflammatory actions (Zhang et 

al., 2016).  Immune function is directly impacted by the immunomodulatory effects of MCFA via 

T cell lymphocyte cell signaling (Briscoe et al., 2003; Haghikia et al., 2015; Zhang et al., 2018) 

and improved immune responses (Martínez-Vallespín et al., 2016). Improved immune responses 

have a direct impact on animal performance due to the energy expensive nature involved in each 

response. In the current experiment, MCFA reduce viral replication by acting on MARC-145 cells, 

but not the virus, suggesting that there is an effect on PRRSV attachment or membrane fusion in 

the cytoplasm. Further studies are needed to understand the mechanism by which MCFA reduce 

PRRSV replication in MARC-145 cells.   

In conclusion the results of this experiment confirm our previous results and demonstrate 

that MCFA combinations reduce viral replication in both PRRSV strains with MARC-145 cells. 

The mode of action of MCFA have been reported as an effect on bacterial membranes or viral 

envelopes.  However, the results of this experiment do not demonstrate a direct effect on the 

PRRSV. Next steps would be to conduct additional research on the mode of action through which 

MCFA reduce viral replication of PRRSV and confirm these results in a PRRSV challenge with 

nursery pigs.   
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Figure 3.1. Incubation of MARC-145 cells with C8:C10 prior to and after inoculation with Type 

II North American (P129) PRRSV resulted in 2.2, 3.3, 4.1, and 4.0 log reductions (P < 0.05) in 

PRRSV replication at 200, 300, 400, and 500 µg/mL concentrations respectively as indicated by 

Log10 TCID50/mL. abc Letters indicate differences (P < 0.05).    
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Figure 3.2. Incubation of MARC-145 cells with C8:10 prior to and after inoculation with Type I 

European (Lelystad) PRRSV resulted in 1.9, 2.6, 4.1, and 4.1 log reductions (P < 0.05) in 

PRRSV replication at 200, 300, 400, and 500 µg/mL concentrations respectively as indicated by 

Log10 TCID50/mL. abc Letters indicate differences (P < 0.05).   
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Figure 3.3 Incubation of MARC-145 cells with C8:12 prior to and after inoculation with Type II 

North American (P129) PRRSV resulted in 3.8 log reduction (P < 0.05) in PRRSV replication at 

the 200 µg/mL concentration and 4.2 log reduction (P < 0.05)in PRRSV replication at 300, 400, 

and 500 µg/mL concentrations as indicated by Log10 TCID50/mL.  

ab Letter indicate differences (P < 0.05)  
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Figure 3.4 Incubation of MARC-145 cells with C8:12 prior to and after inoculation with Type I 

European (Lelystad) PRRSV resulted in 3.4 log reduction (P < 0.05) in PRRSV replication at the 

200 µg/mL concentration and 4.2 log reduction (P < 0.05) in PRRSV replication at 300, 400, and 

500 µg/mL concentrations as indicated by log10 (TCID50)/mL. ab Letters indicate differences        

(P < 0.05).    
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Figure 3.5 Incubation of MARC-145 cells with C10:12 prior to and after inoculation with Type 

II North American (P129) PRRSV resulted in 2.1, 2.9, 4.2, and 4.3 log reductions (P < 0.05) in 

PRRSV replication at 200, 300, 400, and 500 µg/mL concentrations as indicated by Log10 

TCID50/mL. abc Letters indicate differences (P < 0.05).    
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Figure 3.6 Incubation of MARC-145 cells with C10:12 prior to and after inoculation with Type I 

European (Lelystad) PRRSV resulted in 3.37, 4.2, 4.2, and 4.1 log reductions (P < 0.05) in 

PRRSV replication at the 200, 300, 400, and 500 µg/mL concentrations respectively as indicated 

by log10 (TCID50)/mL. abc Letters indicate differences (P < 0.05).    
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 Figure 3.7 Incubation of MARC-145 cells with C8:C10:C12 prior to and after inoculation with 

Type II North American (P129) PRRSV resulted in 3.0 log reduction (P < 0.01) in PRRSV 

replication at 200 µg/mL concentration and 4.2 log reduction (P < 0.01) in PRRSV replication at 

300, 400, and 500 µg/mL concentrations as indicated by Log10 TCID50/mL abc Letters indicate 

differences (P < 0.01).    
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Figure 3.8 Incubation of MARC-145 cells with C8:C10:C12 prior to and after inoculation with 

Type I European (Lelystad) PRRSV resulted in 2.5 and 3.7 log reductions (P < 0.01) in PRRSV 

replication at 200 and 300 µg/mL concentrations respectively. The 400 and 500 µg/mL 

concentrations resulted in 3.8 log reduction (P < 0.01) in PRRSV replication as indicated by 

Log10 TCID50/mL. abc Letters indicate differences (P < 0.01).    
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Figure 3.9 Treatment of Type II North American (P129) PRRSV with C8:C10:C12 prior to 

inoculation of MARC-145 cells with no MCFA resulted in no reduction (P > 0.05) in PRRSV 

replication as indicated by Log10 TCID50/mL.   
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Figure 3.10. Treatment of Type II North American (P129) PRRSV with C8:C10:C12 prior to 

inoculation of MARC-145 cells with no MCFA resulted in no reduction (P > 0.05) in PRRSV 

replication as indicated by Log10 TCID50/mL.   
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Figure 3.11. MARC-145 incubated with C8:C10:C12 prior to and after inoculation with Type II 

North American (P129) PRRSV resulted in 1.3 and 4.2 log reductions (P < 0.01) in PRRSV 

replication at 200 and 300 µg/mL concentrations respectively. The 400 and 500 µg/mL 

concentrations resulted in 4.3 log reduction (P < 0.01) in PRRSV replication as indicated by 

Log10 TCID50/ml abc Letters indicate differences (P < 0.01).    
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Figure 3.12. MARC-145 incubated with C8:C10:C12 prior to and after inoculation with Type I 

European (Lelystad) PRRSV resulted in a 1.6 log reduction (P < 0.01) in PRRSV replication at 

200 µg/mL concentration and a 4.0 log reduction (P < 0.01) in PRRSV replication at 300, 400 

and 500 µg/ml concentrations as indicated by Log10 TCID50/mL. abc Letters indicate differences 

(P < 0.01).  
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 THE EFFECT OF MCFA FED TO PIGS ON PRRSV 

INFECTION  

 Abstract  

One hundred twelve mixed sex pigs (PIC 1050 females x PIC 359 sire) weaned at 21 d of 

age (average weight 7.5 ±0.68kg) were used in a 33 d PRRSV challenge experiment.  Pigs were 

acclimated to the facility and diets for 5 d before inoculation with Porcine Reproductive and 

Respiratory Syndrome Virus (PRRSV). Pigs were inoculated with either a placebo (sterile PBS) 

or Type II North American (P129) PRRSV (1 x 105, TCID50/mL) given in 1 mL each intranasal 

and IM injection.  Pigs were blocked by body weight and sex and randomly allotted to one of four 

treatment rooms in a 2x2 factorial design with pigs receiving 0 or 0.30% MCFA in the diet and 

receiving placebo or PRRSV inoculation. Each room contained 4 treatment pens with 7 pigs per 

pen with an equal ratio of barrows to gilts within treatment. Diets were formulated to meet or 

exceed all nutritional requirements (NRC, 2012) and were fed in 4 nursery phases. Feed budgets 

by phase were 1.13 kg/pig in phase 1, 2.72 kg/pig in phase 2, 6.35 kg/pig in phase 3, and phase 4 

was fed until the end of the experiment.  MCFA (C8:C12) was mixed in a 1:1 ratio (wt:wt) with 

finely ground corn to prepare a premix that was added to the diet at 0.60% to provide 0.30% total 

MCFA. Control diets used soybean oil mixed with finely ground corn at the same 0.60% inclusion 

to keep metabolizable energy levels constant across treatments. Body weights, feed intake, blood 

samples, and temperatures were determined on d 0, 3, 7, 10, 14, 21, and 28 post-inoculation. 

Sections of tonsil, lung, and intestines were collected at d 10 post-inoculation from 1 pig per pen 

and at d 28 from all remaining pigs. Data were analyzed as a 2 x 2 factorial (PRRSV infection x 

MCFA) using the PROC Mixed procedure of SAS with pen as the experimental unit for growth 

performance measurements and pig as the experimental unit for viral load analysis. Serum viral 
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load confirmed PRRSV was only detectable in challenged pigs. Body weights were not different 

(P > 0.05) between treatments prior to d 14 post-inoculation. Body weights from d 14 to 28 were 

reduced (P < 0.05) in PRRSV infected pigs when compared to non-infected pigs. Overall ADG 

and ADFI was reduced (P < 0.05) for PRRSV infected pigs compared to non-infected pigs by an 

average of 18 and 28%, respectively. Body temperatures were not different between treatments.  

Viral load measured in the lung was not different (P > 0.05) between PRRSV infected treatments. 

Tonsil viral load was not different (P > 0.10) between PRRSV treatments.  However, there was a 

trend (P ≤ 0.10) for an effect of day post inoculation with control fed PRRSV infected pigs having 

higher viral loads at d 10 post-inoculation compared to d 28 post-inoculation.  Overall, PRRSV 

infection reduced performance in this experiment when compared to non-infected pigs and there 

was no effect of diet on PRRSV viral load or performance in this experiment.  

 Introduction  

The swine industry has been impacted by Porcine Reproductive Respiratory Syndrome Virus 

(PRRSV) for over 30 years (Brar et al., 2014). First appearance of the virus occurred in the late 

1980s in the US and Europe as a mystery swine disease. Virus isolation in 1991 in Europe and 

1992 in the US lead to the identification of 2 PRRSV genotypes: the type I European and type II 

North American. PRRSV is an enveloped, positive single strand RNA virus in the Arteriviridae 

family of viruses in the order of Nidovirales. Transmission of the virus is both vertical (sow to 

piglet) and horizontal (pig to pig) by nasopharyngeal and by aerosol routes.  PRRSV infection 

results in reproductive failure in sows and gilts as well as respiratory illness in all phases of pig 

production.  Reproductive failure in sows can range from decreased farrowing rates to increased 

abortions and low viability in liveborn pigs. Respiratory disease severity increases with the 

presence of secondary infections leading to high mortality rates in pre- and post-weaned pigs.  It 
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has been estimated that PRRSV infection annually costs the US Pork Industry $664 million in 

production losses making it the most economically significant disease facing today’s pork 

producers (Holtkamp et al., 2013). Approximately 55% of the economic losses are due to high 

mortality, decreased growth rates, and respiratory distress in growing pigs  

Over 30 years of research on the pathogenesis of PRRSV and mechanisms to long-term 

immunity and cross protection are still unclear.  Challenges to PRRSV research and subsequent 

control and prevention includes the fast mutation rate, viral modulation of the immune response, 

the persistence of infection after known symptoms are gone, and rapid transmission or spread to 

other animals and locations.  Genetic diversity between PRRSV strains has led to inadequate 

vaccine efficacy at generating long term immunity and cross protection. The delay in neutralizing 

antibodies to the PRRSV has contributed to evasion of the host immune response and persistence 

in a herd. Decoy epitopes on the PRRSV are contributing factors to the delayed presence of 

neutralizing antibodies.  PRRSV suppresses Type I Interferon (INFα) in evading the host immune 

response. Research has reported that INFα has inhibited PRRSV infection (Albina et al., 1998).  

Even with evasion of the immune response, the pig will produce neutralizing antibodies 4-8 weeks 

post-infection, which indicates that the mechanism of suppression is not long lasting. PRRSV 

management and prevention programs have focused on biosecurity and limiting animal movement 

with vaccination strategies.  However, even with these management steps the lack of cross 

protection and persistence of infection increase economic losses for producers with each recurring 

break of PRRSV in a herd.  

This has brought about increased interest in research focused on nutritional implications or 

strategies to improve animal health. Nutritional impacts on health require intercommunication 

between gut tissue, the central nervous system, and the immune system (Rehfeld, 2004; Janssen & 
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Depoortere, 2013). Communication between the gut and other organ immune functions such as 

Gut-Lung, Gut-Brain, Gut-Liver provide evidence to support the influence of nutrition on immune 

responses (Xiao et al., 2011; Furness et al., 2013; Budden et al., 2017; Ge et al., 2021).  

 MCFA have emerged as a target feed additive to improve animal health and performance 

(Cochrane et al., 2016; Gebhardt et al., 2017).  MCFA can shift microbial populations by inhibiting 

pathogenic bacteria and thereby allowing an increased growth of beneficial bacteria (Yoon et al., 

2018). This knowledge provides the foundation that nutrition can impact animal health and 

performance. Research on intestinal morphology and gut microbiota have reported an increase in 

intestinal villi height and crypt depth as well as modified microbiota with the use of MCFA in pig 

diets (Dierick et al., 2003; Calder, 2008; Zentek et al., 2012). Understanding the vast interaction 

of the gut with other regulatory systems is still not complete but does provide new targets for 

impacting health and performance in the animal as well as new targets for therapeutic products to 

prevent infection and disease spread.   

Viral transmission through feed has been of increased interest following the emergence of 

Porcine Epidemic Diarrhea Virus (PEDV) in 2013. Research on feed mitigation has reported that 

MCFA are effective at reducing viral particles and infectivity of feed and feed ingredients (Lerner 

et al., 2020).  These findings suggest that it is possible to influence animal health and the immune 

response through nutrition. These finding coupled with our prior in vitro results have led to the 

hypothesis that MCFA fed to pigs can inhibit or reduce viral infection, thereby decreasing disease 

duration and/or persistence. Therefore, the objective of this experiment was to feed MCFA to pigs 

and then challenge with PRRSV to determine the antiviral activity of MCFA in vivo.    



 

 

112 

 Materials and Methods  

4.3.1 General  

This was the third experiment in a series to test our overall hypothesis that providing 

MCFA to pigs through feed would inhibit or reduce PRRSV infection.  This experiment was 

designed to test the combination of MCFA C8:C12 (1:1; wt:wt) on the effectiveness to reduce 

PRRSV infection in pigs.  

Data were analyzed as a 2x2 factorial using the PROC Mixed procedure of SAS (SAS 

Institute INC., Cary, NC) with pen as the experimental unit for growth performance measurements 

and pig as the experimental unit for viral load analysis. Data are presented as LS means. Statistical 

significance was defined as P ≤ 0.05 and a tendency was defined as 0.05 < P ≤ 0.10.  

4.3.2 Animals  

One hundred twelve mixed sex pigs (PIC 1050 females x PIC 359 sire), weaned at 21 d of 

age weighing 7.51 ±0.68 kg, were used in a 33 d PRRSV challenge experiment. Pigs were blocked 

by body weight and sex and randomly assigned to one of four treatment rooms in a 2x2 factorial 

design with pigs receiving 0 or 0.30% MCFA in the diet and receiving placebo (sterile PBS) or 

PRRSV inoculation.  Each room contained 4 treatment pens with 7 pigs per pen with an equal ratio 

of barrows to gilts within treatment. Pigs were acclimated to the facility and diets for 5 d before 

PRRSV inoculation. All procedures were approved by the Carthage Innovative Swine Solutions 

(CISS) research animal care and use committee. The experiment was conducted at the CISS, LLC 

BSL-2 facility, Champaign IL. Daily health observations were taken, and no pigs were treated or 

removed due to health abnormalities during the experiment.  
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4.3.3 Diets  

Each room was designated to one of four treatments: 1) control-uninfected, 2) control 

PRRSV-infected, 3) MCFA-uninfected, and 4) MCFA-PRRSV infected. Diets were formulated to 

meet or exceed all nutritional requirements (NRC, 2012) and were fed in 4 nursery phases (Table 

4.1 and Table 4.2). Feed budgets were 1.13 kg/pig in phase 1, 2.72 kg/pig in phase 2, 6.35 kg/pig 

in phase 3, and phase 4 was fed until the end of the experiment.  MCFA (C8:C12) were mixed in 

a 1:1 ratio (wt:wt) then added to a premix with finely ground corn to be mixed into diets at 0.60% 

to provide 0.30% total MCFA. Control diets used soybean oil mixed with finely ground corn at 

the same 0.60% inclusion to keep ME concentrations constant across treatments. Pigs had ad 

libitum access to feed and water throughout the experiment.    

4.3.4 Measurements and Sample Collection  

Individual body weights, blood samples, rectal temperatures, and pen feed intakes were 

determined at d 0, 3, 7, 10, 14, 21, and 28 post-inoculation. Blood samples were collected for 

analysis of serum viral load in a serum separator vacutainer (BD Vacutainer #367985). Serum was 

separated and stored in 1.5 mL microcentrifuge tubes and stored at -80ºC until RNA extraction.   

One pig from each pen was euthanized for tissue collection at d 10 post-inoculation and 

remaining pigs were euthanized d 28 post-inoculation.  Euthanasia was by captive bolt, followed 

by exsanguination. Viscera were then removed from the body cavity. Sections of tonsil and lung 

were collected and placed in 2 mL cryo-vials, flash frozen in liquid nitrogen, and stored at -80ºC 

for subsequent RNA extraction. The intestinal tract was separated to dissect 15 cm segments from 

the duodenum, jejunum, and ileum.  Intestinal tissue was rinsed with phosphate buffered saline 

(PBS) to remove digesta. Intestinal tissues were cut longitudinally along the mesenteric boarder to 

expose the inner mucosa. Mucosa was scrapped using the edge of a glass microscope slide (24.5 
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mm x 76.2 mm), and scrapings were deposited into 2 mL cryo-vials, flash frozen in liquid nitrogen, 

and stored at -80ºC for subsequent RNA extraction.  Intestinal tissue sub-sections were placed in 

histology cassettes (Tissue-Tek Uni-cassettes; Sakura Finetek USA, Inc., Torrance CA) and stored 

in 10% neutral buffered formalin solution for subsequent histological analysis.  

4.3.5 Sample analysis  

Serum RNA was extracted using the Purelink Kit (Invitrogen #12280050 ThermoFisher 

Scientific, Life Technologies Corporation, Carlsbad, CA 92008). Briefly, 200 µL of serum was 

added to a 1.5 mL microcentrifuge tube with 25 µL of proteinase K and 200 µL of lysis buffer 

containing 5.6 µL of carrier RNA.  Samples were incubated at 56 ºC for 15 min and then 250 µL 

of 100% ethanol was added, followed by a 5 min incubation at room temperature. The sample was 

then transferred to a viral spin column with collection tube and centrifuged at 7,000 x g for 1 min.  

Following centrifugation, the sample was washed twice using a wash buffer and re-centrifuged at 

7,000 x g for 1 min. The sample was then transferred to a dry spin column and centrifuged at 

18,000 x g for 2 min to dry.  Following centrifugation, the spin column was placed in a 1.5 mL 

microcentrifuge recovery tube and 20 µL of nuclease free water was added directly to the 

membrane followed by a 2 min incubation at room temperature.  The sample was then centrifuged 

at 16,000 x g for 2 min to elute RNA. RNA was stored at -80°C until subsequent qPCR analysis.   

Tonsil and lung tissue were ground with a mortar and pestle using liquid nitrogen and 100 

g of ground tissue was added to a 1.5 mL microcentrifuge tube and stored at -80ºC for subsequent 

RNA extraction. Tissue RNA was extracted using a column free extraction method (RNeasy 

extraction Qiagen Inc.).  Briefly, ground tissue samples were removed from the -80°C freezer and 

placed on dry ice, 1 mL of Trizol was added, and then shaken vigorously by hand for 5 min. 

Immediately following, 200 µL of chloroform was added and then shaken vigorously by hand for 
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2 min.  Samples were then centrifuged at 14,000 x g for 15 min and maintained at 4 °C. Carefully, 

so not to disturb phase separation, samples were removed from the centrifuge and placed on ice. 

The top clear aqueous layer was then removed and placed in a clean 1.5 mL microcentrifuge tube.  

An equal amount (~600 µL) of ice-cold isopropanol was added and mixed by inversion followed 

by a 45 min incubation on ice. Following incubation, samples were centrifuged at 14,000 x g for 

15 min and maintained at 4 °C. The supernatant was removed and discarded, being careful not to 

disturb the pellet at the bottom of the tube.  The pellet was then washed twice with 1 mL of ice 

cold 70% ethanol and centrifuged at 4 ºC at 14,000 x g for 15 min. The supernatant was discarded 

after each wash.  Following the second wash, the pellet was re-suspended in 200 µL of nuclease 

free water, 10 µL of 3M sodium acetate, and 200 µL of ice-cold isopropanol mixed by inversion 

and incubated overnight at -20 ºC.  Samples were then removed from -20 °C storage and 

centrifuged at 4 ºC at 14,000 x g for 15 min. The supernatant was carefully removed to not disturb 

the pellet at the bottom of the tube, and the pellet was washed by adding 1 ml of ice cold 70% 

ethanol and centrifuge at 4 ºC at 14,000 x g for 15 min and supernatant was removed. The pellet 

was re-suspended in 30-50 µL of nuclease free water dependent on the size of the pellet. Samples 

were then quantified on a Nanodrop ND-1000 18 Spectrophotometer (Nanodrop Technologies, 

USA) at 260 nm wavelength and diluted with nuclease free water until concentration was under 

2000 ng/µL. Sample 260:280 ratios were used as quality check to denote level of contamination. 

RNA samples were stored at -80ºC until DNase treatment.   

DNase was used to remove any DNA from the sample and was completed using the 

reagents from the Turbo DNase Kit.  RNA samples were removed from -80°C, placed on ice, and 

20 µL of each RNA sample was transfered to a 0.5 mL microcentrifuge tube. Then 5 µL of 

mastermix (containing 2.5 µL 10X TurboDNase buffer, 1.5 µl nuclease free water, 0.5 µL Turbo 
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DNase, and 0.5 µL RNase OUT) was added, followed by a 20 min incubation at 37ºC.  

Immediately following incubation, 2.5 µL of DNase Inactivation Reagent was added and mixed 

by pipetting, followed by a 5 min incubation at room temperature with constant mixing.  Following 

incubation, samples were centrifuged at 10,000 x g for 2 min, and then 20 µL of supernatant were 

transferred to a new 0.5 mL microcentrifuge tube careful not disturb the white pellet.  RNA was 

quantified on a Nanodrop ND-1000 18 Spectrophotometer at 260 nm wavelength (Nanodrop 

Technologies, USA) and diluted with nuclease free water until concentration was under 1000 

ng/µL. Sample 260:280 ratios were used as quality check to denote level of contamination. RNA 

samples post-DNase treatment were stored at -80ºC until reverse transcriptase and qPCR analysis.  

RNA integrity analysis was validated with 4 µg of each RNA sample using electrophoresis on 1% 

agarose gel with SyBr Safe, and the presences of two distinct bands, 18S and 28S, indicated that 

RNA extraction was successful.  

Reverse transcription was accomplished using reagent from the High Capacity cDNA 

Reverse Transcriptase Kit.  Post-DNase RNA samples were removed from -80°C storage and 

placed on ice. Specific volumes of each sample to provide 2000 ng of total RNA were calculated 

from the Nanodrop data. Mastermix was prepared with 3.7 µL of nuclease free water, 2.0 µL of 

10X RT buffer, 2.0 µL of random primers, 0.8 µL of 25X dNTP [100mM], 1.0 µL of Multi Scribe 

Reverse Transcriptase, and 0.5 µL RNase OUT. Nuclease free water was added into RNase free 

strip tubes with each calculated RNA sample volume equal to 10µL total volume. 10 µL of 

mastermix was added to each sample tube and then tubes were capped.   Tubes were quick spun 

to collect all liquid in the bottom, mixed by flicking, and quick spun again. Tubes were transferred 

to a thermocycler and run at 25 ºC for 10 min, 37 ºC for 120 min, 85 ºC for 5 min, and held at 4 

ºC.  Tubes were quick spun again to collect cDNA at the bottom of the tubes and cDNA was diluted 
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to 10 ng/µL equivalent RNA input with nuclease free water.  Samples of cDNA were stored in at 

-20ºC until qPCR analysis.   

A one-step qPCR using a PRRSV-2 specific primer-probe pair was conducted with 

quantification relative to a standard curve comprised of linearized topo plasmid 120 containing the 

targeted region of ORF5. One step qPCR conducted with 7.5 μL of SsoAdvanced Universal Probes 

Supermix (BioRad laboratories, #1725284), 0.50 μL of each forward and reverse primer (Table 

4.3; manufactured by Integrated DNA Technologies, Inc., Coralville, IA), 4.5 μL of nuclease free 

water, and 2 μL of cDNA template. Ribosomal protein L 19 (RPL19) was utilized as the 

housekeeping gene. The PRRSV copy number values were normalized, for each sample per 100 

copies RPL19.   

 Cytokine analysis was conducted using a sandwich ELISA assay.  Flat bottom high binding 

ELISA plates (Greiner Bio) were coated overnight at 4°C with target specific antibodies using 100 

µL of a 1:1000 dilution of the primary antibody (INFα #PB0157S and INFγ #KP1122S) in 

carbonate/bicarbonate coating buffer. All washing steps were carried out with 200 µL Tris buffered 

saline (TBS) + 0.1% Tween 20 (TBST) and plates were blocked with 0.1% BSA in wash buffer 

for 45 min at room temperature. Target capture from 100 µL serum samples, run in duplicate, were 

carried out at room temperature for 2 h. Target specific biotinylated detection antibodies were 

added at 100 µL of a 1:2000 dilution of secondary antibody (INFα #PBB0157S and IFNγ 

#KPB112S) and incubated for 2 h at room temperature. Colorimetric detection was carried out 

using 100 µL of streptavidin-HRP (R&D Systems #DY998) at 1:200 dilution and incubated for 45 

min at room temperature, and then 100 µL of TMB (3,3’5,5’-tetramethylbenzidine) substrate was 

added followed by a 30 min incubation at room temperature. The enzymatic activity was stopped 

with 2M H2SO4 and absorption was measured at 450 nm using a microplate reader (Synergy LX, 
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multi-mode reader, BioTek) with quantity determined from the blank corrected OD using a 6-point 

standard curve. Intra-assay variation was determined using an inter-plate control.  

 Histology samples were processed by the Purdue Histology Research Laboratory at the 

Purdue University Veterinary School. The 10% neutral buffered formalin fixed tissue was 

embedded in paraffin, and a 5 mm thick section was sliced, and stained for hematoxylin and eosin 

(H&E).  Slide images were obtained using an AmScope Microscope Digital Camera (MU1000, 

AmScope, Irvine, CA) at 40X magnification.  Image J software (NIH, Nethesda, MD) was used to 

measure villi height, mid width, base width, and crypt depth on a minimum of 6 villi/crypt per 

slide.     

 Results 

Body weights did not differ between treatments prior to d 14 post-inoculation (Table 4.4). 

PRRSV infection resulted in a 7% reduction in body weight on d 14 post-inoculation (P ≤ 0.05).  

Body weights on d 21 post-inoculation were reduced (P <0.05) by PRRSV infection by 2.2 and 

2.0 kg in control- and MCFA- fed pigs, respectively.  PRRSV infection continued to reduce body 

weights on d 28 post-inoculation with PRRSV infected pigs weighing 2.6 kg less than uninfected 

pigs (P < 0.05). There was no effect of MCFA or MCFA*PRRSV on body weights in this 

experiment (P > 0.05).   

Growth performance was not affected until after d 3 post-inoculation (Table 4.5). Overall, 

growth data is sporadic in the early stages of the experiment as pigs were weighed every 3-4 d. 

ADG from d 3-7 post inoculation was not different between treatments.  PRRSV infection resulted 

in a 0.24 and 0.14 kg reduction (P < 0.05) in d 3-7 ADFI for control- and MCFA-fed pigs compared 

to their respective uninfected pigs. There was also a 0.16 kg reduction (P < 0.05) in ADFI for 
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MCFA-fed uninfected pigs compared to control-fed uninfected pigs from d 3-7. With these 

differences, G:F was greater for PRRSV infected pigs compared to uninfected pigs (P < 0.05).   

ADG tended to be decreased (P < 0.05) with PRRSV infection from d 7-10 post-inoculation. 

There was an interaction of PRRSV and MCFA on ADFI from d 7-10 post-inoculation with 

PRRSV infection reducing (P < 0.05) ADFI in MCFA-fed pigs but not in control-fed pigs.  There 

was an interaction (P < 0.05) of PRRSV and MCFA on G:F with MCFA-fed PRRSV infected pigs 

having the highest G:F and PRRSV infected control-fed pigs having the lowest G:F. ADG from d 

10-14 post-inoculation was reduced (P < 0.05) with PRRSV infection and MCFA-fed pigs tended 

(P < 0.10) to have reduced ADG. There was an interaction (P < 0.05) of PRRSV infection and 

MCFA on ADFI from d 10-14 post-inoculation as result of lower intake in MCFA-fed pigs coupled 

with a greater reduction in ADFI observed in control-fed PRRSV infected pigs compared to 

MCFA-fed PRRSV infected pigs. There was a tendency (P < 0.06) for an interaction of PRRS 

infection and MCFA on G:F from d 10-14 post-inoculation. Control-fed uninfected pigs had the 

poorest G:F with control-fed PRRSV infected pigs having the highest G:F, and MCFA-fed pigs 

being intermediate.  

PRRSV infection from d 14-21 resulted in a 26 and 30% decrease (P < 0.01) in ADG and 

ADFI, respectively, for control- and MCFA-fed pigs. There was no effect of PRRSV or MCFA on 

G:F during this time period. On d 21-28 PRRSV infected pigs tended (P<0.10) to have reduced 

ADG. ADFI was reduced (P < 0.05) by PRRSV infection and MCFA supplementation from d 21-

28.  There was an interaction of PRRSV and MCFA on G:F during d 21-28 post-inoculation with 

MCFA-fed PRRSV infected pigs having the greatest G:F (P < 0.05).  

Overall ADG from d 0-28 post inoculation was 18.5% lower for PRRSV infected pigs in 

both control- and MCFA-fed pigs.  PRRSV infection resulted in reduced (P < 0.01) ADFI of 25 
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and 35% in control- and MCFA-fed pigs, respectively. MCFA supplementation reduced ADFI 

during from d 0-28.  Overall, there was a tendency for an interaction of PRRSV and MCFA on 

G:F.  MCFA supplementation improved (P < 0.05) G:F in both uninfected and infected pigs but 

had a greater response in PRRSV infected pigs.   

Rectal temperatures were not affected by PRRSV infection from d 0-10 post inoculation in 

this experiment (Figure 4.1). There was an effect of MCFA (P < 0.05) on d 14 post inoculation 

with MCFA-fed pigs having lower rectal temperatures than control-fed pigs. There was an 

interaction (P < 0.05) at d 21 post-inoculation for PRRSV and MCFA with the MCFA-fed PRRSV 

infected pigs having the lowest rectal temperature and MCFA-fed uninfected pigs having the 

highest temperature. On d 28 post-inoculation MCFA-fed pigs had higher (P < 0.05) rectal 

temperatures than control-fed pigs.  

Serum viral concentrations (Figure 4.2) are reported as log10 of Type II North American 

(P129) PRRSV copies. All pigs were negative at d 0 of the experiment and uninfected pigs 

remained negative throughout the experiment. PRRSV infection increased serum viral 

concentrations in PRRSV inoculated pigs indicating successful inoculation with PRRSV. Serum 

viral concentrations were detected in PRRSV inoculated pigs at d 3 post-inoculation, and peaked 

between d 10 to 14 post-inoculation for both control- and MCFA-fed PRRSV infected pigs. 

Control- and MCFA-fed PRRSV infected pigs’ serum viral concentrations were reduced after d 

14 post-inoculation and continued to decrease to d 28 post-inoculation. There was no effect of 

MCFA on PRRSV serum concentrations.  Area under the curve analysis detected that viral 

concentrations peaked at d 10 post inoculation in MCFA-fed PRRSV infected pigs and on d 14 

post inoculation for control-fed PRRSV infected pigs (Figure 4.3). There was no significant 
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difference detected in area under the curve analysis for serum viral load between PRRSV infected 

pigs. 

Serum cytokines were tested on a subset of pigs to determine the optimal time point for 

detection of INFα and γ.  Optimal time point was determined by the amount of positive samples 

that could be detected by the assay at each time point.  INFα was then measured on d 10 post-

inoculation, and no effect of PRRSV or MCFA were observed (Figure 4.4). Serum INFγ 

concentrations were measured on d 14 post-inoculation, and no effect of PRRSV or MCFA was 

observed (Figure 4.5).    

Lung tissue viral load is reported as log10 of Type II North American (P129) copies (Figure 

4.6).  Lung viral load was zero for both uninfected treatments at d 10 and 28 post-inoculation, 

which confirmed uninfected pigs remained negative throughout the challenge experiment. PRRSV 

concentration was (P < 0.05) 6.08 and 6.01 log10 in lung tissue of control- and MCFA-fed PRRSV 

infected pigs on d 10 post-inoculation, respectively. Lung tissue viral concentration at d 28 post-

inoculation was 6.03 log in both control- and MCFA-fed PRRSV infected pigs. There was no 

difference in lung tissue viral concentration between the control- and MCFA-fed PRRSV infected 

pigs.  There was a trend (P < 0.10) for control-fed PRRSV infected pig’s viral load to be increased 

on d 10 vs d 28 post-inoculation.   

Tonsil tissue viral load is reported as log10 of Type II North American (P129) copies (Figure 

4.7).  PRRSV was not detectable in tonsil tissue from uninfected treatments at d 10 and 28 post-

inoculation, which confirmed uninfected pigs were negative throughout the challenge experiment.  

PRRSV concentration in tonsil was 3.91 and 3.56 Log10 on d 10 post-inoculation for control- and 

MCFA- fed PRRSV infected pigs, respectively. There was no difference on d 10 or 28 post-

inoculation in tissue viral concentrations between control- and MCFA-fed PRRSV infected pigs.  
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The effect of PRRSV infection on gut morphology analysis was determined using H&E 

staining of jejunum and ileum sections.   Measurements of villi and crypt were conducted on 

images and exact techniques are depicted in (Figure 4.9).  Jejunum villi height and crypt depth 

increased in size from d 10 to 28 post-inoculation.  This was expected due to this experiment 

being conducted in nursery pigs where the intestines should be growing, recovering, and 

developing. Jejunum villi height on d 10 post-inoculation was reduced (P < 0.05) in PRRSV 

infected pigs (Figure 4.10).  However, there appears to be a compensatory effect by d 28 post-

inoculation with the PRRSV infected pigs having increased (P < 0.05) villi height.  Ileal villi 

height and crypt depth increased from d 10 to 28 post-inoculation, similar to jejunum. Ileal crypt 

depth at d 10 post-inoculation was reduced (P < 0.05) in PRRSV infected pigs (Figure 4.11).  

However, there appears to be a recovery by d 28 post-inoculation with PRRSV infected pigs 

having similar crypt depths to the uninfected pigs.   

 Discussion  

The objective of this experiment was to evaluate the effectiveness of an MCFA combination 

provided in the diet of nursery pigs to inhibit or reduce PRRSV infection.  The MCFA combination 

used was a 1:1 ratio of C8:C12 mixed in the diet to provide 0.30% total MCFA. MCFA have been 

reported to be effective against a wide variety of pathogens (Yoon et al., 2018) and pose a reduced 

risk of bacterial resistance. MCFA have been reported to disrupt the cellular membrane of bacteria 

and envelope viruses (Kim and Rhee 2013; Jackman et al., 2020). MCFA have immunomodulatory 

effects in animals, specifically in T cell lymphocytes, shifting the response to TH1 and TH17 

response through the GPR84 receptor (Huang et al., 2014). Additionally MCFA have been 

reported to be anti-inflammatory with reduced cytokine production (Zhang et al., 2016) and 

improved immune response (Martínez-Vallespín et al., 2016).  
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The PRRSV infection model was successful in achieving a PRRSV challenge as observed 

in serum viral load.  PRRSV infection was detected at d 3 post-inoculation and continued to 

increase through d 10 to 14 post-inoculation.  These results agree with other studies that have 

reported viral peak is around 10 d post inoculation (Greiner et al., 2000; Liu et al., 2013; Rochell 

et al., 2015). PRRSV infection led to reduced feed intake and in turn reduced gain in this 

experiment which is aligned with other studies (Greiner et al., 2000; Toepfer-berg et al., 2004). In 

this experiment, overall ADG was reduced by 18% and feed intake was reduced 28% with PRRSV 

infection. This was a smaller reduction in ADG than Che et al., (2011; 59% reduction) and Liu et 

al., (2013; 47% reduction) reported.  This could be explained in part by the lack of a strong viremic 

effect in this experiment (no effect of PRRSV infection on rectal temperatures), which has been 

reported in other work. Therefore, it is possible the PRRSV strain used in this experiment could 

be less virulent as well.   

The impacts of PRRSV on INFγ has been inconsistent in previous research reported by 

others.  INFγ concentrations during a PRRSV challenge range from not detectable as reported by 

Liu et al. (2013), to no difference measured in the present experiment, to an increased 

concentration reported by Toepfer-berg et al., (2004).  Each of the studies measured cytokines 

within the range of d 0 to 14 post-inoculation, suggesting that PRRSV strain variability could be 

causing these irregularities.   

PRRSV was recovered from tonsil tissue in this experiment at d 10 and 28 post-inoculation 

and is consistent with other research detecting PRRSV in the tonsil (Allende et al., 2000; Wills et 

al., 2003).  Previous research on tonsil viral load followed the pigs for more days post-inoculation 

compared to the current experiment, which is limited to 28 d post-inoculation, and therefore 

persistence beyond d 28 cannot be evaluated.  PRRSV was detected in lung tissue on both d 10 
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and 28 post-inoculation, which does align with other research that has reported PRRSV in lung 

tissue (Lamontagne et al., 2003; Li et al., 2016). 

PRRSV infected pigs had reduced gut villi height in the jejunum and crypt depth in the 

ileum on d 10 post-inoculation. Reduced villi height decreases the surface area of intestine and 

leads to reduced digestive efficiency and average daily gain which could partially explain the 

decreased growth performance measured in this experiment. Other research with PRRSV 

infected pigs has reported changes in gut morphology including reduced villi height (Escabar et 

al., 2006).  However, there is potential for reductions in villi height to be more than just an effect 

of the PRRSV infection alone.   We have reported in this experiment as have others (Che et al., 

2011 and Liu et al., 2013) that feed intake is reduced with PRRSV infection. Reduced feed intake 

has been reported to cause gut damage and reduce villus height in the jejunum (Habold et al., 

2014). Therefore, the morphological changes during a PRRSV infection are multifaceted and not 

solely the direct effect of the virus.   

Nutritional impacts on health require the intercommunication between gut tissue, the central 

nervous system, and the immune system (Rehfeld, 2004; Janssen & Depoortere, 2013). 

Understanding the vast interaction of the gut with other regulatory systems is still not complete 

but does provide targets for impacting health and performance in the animal as well as targets for 

therapeutic products to prevent infection and disease spread. Overall, no effects of MCFA on 

PRRSV viral load or performance were observed in this experiment.  MCFA were effective at 

reducing viral replication of PRRSV in MARC-145 cells in vitro (Chapters 2 and 3).  However, 

similar results were not observed in this experiment. In order to fully understand the application 

of MCFA to inhibit PRRSV infection in pigs, more studies should be conducted to evaluate the 
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effect of MCFA in vitro with porcine alveolar macrophages, different forms of MCFA, different 

dietary inclusion levels of MCFA, and field strains of PRRSV.   
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Table 4.1. Composition of Nursery Diets, as fed.  

 Phase 1 Phase 2 Phase 3 Phase 4 

 1.13 kg/pig 2.72 kg/pig 6.35 kg/pig to end of trial 

Ingredient, %     

Corn, ground  36.41 46.77 53.57 61.305 

Soybean meal  14.14 17.50 25.00 31.50 

Choice White Grease  0 0 0 2.70 

Soybean oil  4.70 3.70 2.70 0 

Limestone  0.81 0.91 0.87 1.29 

Monocalcium phosphate  0.30 0.46 0.55 0.82 

Vitamin Premix1 0.25 0.25 0.25 0.25 

Trace Mineral Premix2 0.125 0.125 0.125 0.125 

Selenium Premix3 0.05 0.05 0.05 0.05 

Phytase4 0.10 0.10 0.10 0.10 

Salt  0.25 0.25 0.30 0.35 

Plasma Protein  5.00 2.50 0 0 

Blood Meal  1.50 1.00 0 0 

Soy Concentrate  5.00 3.50 2.25 0 

Fish Meal 4.00 4.00 4.00 0 

Dried Whey  25.75 17.15 8.60 0 

L-Lysine HCL 0.15 0.28 0.31 0.38 

DL-methionine  0.23 0.23 0.185 0.17 

L-Threonine  0.06 0.12 0.125 0.14 

L-Tryptophan 0.01 0.025 0.02 0.01 

Copper Sulphate  0 0 0 0.10 

Zinc Oxide  0.375 0.35 0.28 0 

Hemicell Enzyme5 0.04 0.04 0.04 0.04 

Clarify Larvicide6  0.14 0.09 0.08 0.07 

MCFA Premix 7/Soy oil for control  0.60 0.60 0.60 0.60 

Calculated Chemical Composition      

ME, Kcal/kg 3591 3543 3492 3467 

SID Lys, % 1.55 1.45 1.35 1.25 

Ca, % 0.85 0.85 0.80 0.75 

Phos, % 0.70 0.66 0.64 0.56 

Av.P, % 0.55 0.50 0.45 0.35 

Lactose, % 18.00 12.00 6.00 0 
1Vitamin premix provided per kg of the diet: vitamin A, 6615 IU; vitamin D3, 662 IU; vitamin E, 44 IU; vitamin K, 
2.2 mg; riboflavin, 8.8 mg; pantothenic acids, 22 mg; niacin, 33 mg; vitamin B12, 38.6 mg  
2Trace mineral premix provided per kg of diet: iron, 121.3 mg; zinc, 121.3 mg; manganese, 15 mg; copper, 11.3 mg; 

iodine, 0.46 mg  
3Selenium premix provided selenium at 0.3 ppm   
4Phytase provided at 600 FTU  
5Hemicell is a β mananase enzyme  
6Clarifly (Central Life Sciences, Schaumburg, IL) diflubenuron: phase 1, 9.4 ppm; phase 2, 6 ppm; phase 3, 5.4 ppm; 

phase 4, 4.7 ppm  
7Medium Chain Fatty Acid (MCFA) provided 0.15% C8; 0.15% C12  
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Table 4.2. Composition of Nursery Diets, as fed.  

 Phase 3 Phase 4 

 6.35 kg/pig to end of trial 

Analyzed Chemical Composition %   

Crude Protein  21.06 19.4 

Crude Fat  4.49 4.46 

Crude Fiber  2.5 2.65 

   

C8 0.084 0.06 

C12 0.123 0.09 
1Vitamin premix provided per kg of the diet: vitamin A, 6615 IU; vitamin D3, 662 IU; vitamin E, 44 IU; vitamin K, 

2.2 mg; riboflavin, 8.8 mg; pantothenic acids, 22 mg; niacin, 33 mg; vitamin B12, 38.6 mg  
2Trace mineral premix provided per kg of diet: iron, 121.3 mg; zinc, 121.3 mg; manganese, 15 mg; copper, 11.3 mg; 

iodine, 0.46 mg  
3Selenium premix provided selenium at 0.3 ppm   
4Phytase provided at 600 FTU  
5Hemicell is a β mananase enzyme  
6Clarifly (Central Life Sciences, Schaumburg, IL) diflubenuron: phase 1, 9.4 ppm; phase 2, 6 ppm; phase 3, 5.4 ppm; 

phase 4, 4.7 ppm  
7Medium Chain Fatty Acid (MCFA) provided 0.15% C8; 0.15% C12  
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Table 4.3. Primers used for quantitative polymerase chain reaction 

Primer  Sequence 

PRRSV – P 129  

P129 – Forward  5’-ACCAGCCATTTCCTTGACAC-3’ 

P129 – Reverse  5’-CGCAAGCCTAATAACGAAGC-3’ 

  

Housekeeping   

RPL19 – Forward  5’-AACTCCCGTCAGCAGATCC-3’ 

RPL19 - Reverse 5’-AGTACCCTTCCGCTTACCG-3’ 
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Table 4.4. Effect of dietary treatment and PRRSV1 infection on nursery body weights (kg)2.   

 Dietary Treatments      

 Control MCFA3  P- value 

Day 

post-

inoculation 

Non-

infected 
 

PRRSV 

Non-

infected 
 

PRRSV 

 

SEM 

 

PRRSV 

 

MCFA 

 

PRRSV*MCFA 

-5 7.50 7.52 7.50 7.49 0.68 0.951 0.563 0.691 

0 8.59 8.64 8.57 8.42 0.75 0.658 0.266 0.360 

3 9.53 9.52 9.44 9.18 0.84 0.585 0.393 0.607 

7 11.02 10.85 10.64 10.49 0.93 0.606 0.259 0.965 

10 12.12 11.71 11.97 11.47 1.01 0.103 0.449 0.852 

14 14.37 13.37 13.82 12.83 1.14 0.015 0.137 0.991 

21 18.70 16.47 17.89 15.89 1.40 <0.001 0.127 0.795 

28 22.83 20.24 22.39 19.78 1.61 0.002 0.483 0.994 

         
1Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) Type II North American (P129) 
2Data are means of 4 pens/treatment with of 6-7 pigs per pen fed experimental diets for a period of 33 days from -5 to 

28 d post-inoculation  
3Medium Chain Fatty Acids (MCFA) C8:C12 in a 1:1 ratio (wt:wt) fed at 0.30% total MCFA. 
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Table 4.5. Effect of dietary treatment and PPRSV1 infection on nursery growth performance2.  

 Dietary Treatments      

 Control  MCFA2  P-value 

Performance  Uninfected  PRRSV Uninfected  PRRSV SEM PRRS MCFA PRRSV*MCFA 

Days post-inoculation        

d 0-3         

  ADG, kg 0.31 0.29 0.29 0.25 0.05 0.588 0.546 0.856 

  ADFI, kg 0.43 0.53 0.56 0.53 0.09 0.668 0.364 0.379 

  G:F 0.75 0.58 0.53 0.58 0.14 0.645 0.398 0.394 

d 3-7         

  ADG, kg 0.37 0.34 0.29 0.33 0.04 0.999 0.194 0.320 

  ADFI, kg 0.61 0.37 0.45 0.31 0.05 0.002 0.033 0.342 

  G:F 0.61 0.95 0.65 1.12 0.11 0.004 0.342 0.575 

d 7-10         

  ADG, kg 0.36 0.28 0.44 0.34 0.05 0.071 0.159 0.804 

  ADFI, kg 1.00 1.01 1.09 0.56 0.11 0.010 0.049 0.008 

  G:F 0.39 0.28 0.41 0.63 0.06 0.372 0.011 0.016 

d 10-14         

  ADG, kg 0.57 0.40 0.44 0.33 0.06 0.015 0.072 0.563 

  ADFI, kg 0.76 0.26 0.43 0.33 0.08 0.005 0.140 0.036 

  G:F 0.79 1.99 1.17 1.02 0.33 0.129 0.366 0.059 

d 14-21         

  ADG, kg 0.61 0.44 0.58 0.44 0.04 0.001 0.619 0.619 

  ADFI, kg 0.96 0.68 0.92 0.63 0.09 0.002 0.512 0.999 

  G:F 0.65 0.70 0.65 0.70 0.09 0.518 0.958 0.980 

d 21-28         

  ADG. kg 0.69 0.63 0.75 0.65 0.05 0.077 0.326 0.608 

  ADFI, kg 1.34 1.04 1.25 0.73 0.08 <0.001 0.034 0.178 

  G:F 0.52 0.61 0.60 0.88 0.04 0.001 0.001 0.018 

d 0-28         

  ADG, kg 0.52 0.42 0.50 0.41 0.03 0.001 0.510 0.832 

  ADFI, kg 0.89 0.67 0.82 0.53 0.05 <0.001 0.015 0.378 

  G:F 0.58 0.63 0.61 0.78 0.04 0.006 0.015 0.088 
1Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) Type II North American (P129) 
2Data are means of 4 pens/treatment with of 6-7 pigs per pen fed experimental diets for a period of 33 days from -5 to 

28 d post-inoculation  
3Medium Chain Fatty Acids (MCFA) C8:C12 in a 1:1 ratio (wt:wt) fed at 0.30% total MCFA. 
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Figure 4.1. Effect of Dietary treatment and PRRSV infection on rectal body temperatures of pigs. D 14 post-

inoculation there was an effect of MCFA (P<0.05) MCFA-fed uninfected pigs had reduced rectal temperatures when 

compared to control fed uninfected and PRRSV infected pigs with the MCFA-fed PRRSV pigs being intermediate.  

MCFA-fed PRRSV pigs tended (P <0.10) to have reduced rectal temperatures at d 21 post-inoculation as an efedct 

of PRRSV when compared to both control-fed and MCFA-fed uninfected pigs with control-fed PRRSV infected 

pigs being intermediate. There was an interaction of PPRSV*MCFA with MCFA fed PRRSV infected pigs having a 

lower temperature and control fed PRRSV pigs having a higher temperature when compared to the same diets 

uninfected pigs.  D 28 post-inoculation there was an MCFA effect (P<0.05) with MCFA-fed uninfected and PRRSV 

infected pigs had increased rectal temperatures when compared to the control-fed uninfected pigs with control-fed 

PRRSV infected pigs intermediate.   
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Figure 4.2. The effect of dietary treatment and PRRSV infection on serum viral load 

concentration.  Uninfected pigs were negative for PRRSV in serum at all time points.  There was 

no difference in PRRSV serum viral load between PRRSV infected pigs.     
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Figure 4.3. Effect of dietary treatment and PRRSV infection on serum viral load area under the 

curve analysis. There was no difference in area under the curve for PRRSV serum levels between 

treatments.   
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Figure 4.4. Effect of dietary treatment and PRRSV infection on serum IFNα concentraiton.  

There was no difference in IFNα concentration among treatments.   
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Figure 4.5. Effect of dietary treatment and PRRSV infection on serum IFNγ concentraiton.  

There was no differnce in IFNγ concnetrations among treatments.   
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Figure 4.6. The effect of dietary treatment and PRRSV infection on lung tissue viral load 

concentration.  PRRSV infection was not detected in the unifected pigs at d 10 or 28 post-

inoculation.  PRRSV infection was detected in lung tissue at both d 10 and 28 post-inoculation 

and there was no difference between PRRSV infected pigs.   
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Figure 4.7. The effect of dietary treatment and PRRSV infection on tonsil tissue viral load 

concentrations.  PRRSV infection was not detected in the unifected pigs at d 10 or 28 post-

incoulation.  PRRSV was detected in tonsil tissue at both d10 and 28 post-inoculation for 

challenged pigs.  There was no differnece between the PRRSV infected pigs tonsil viral load 

concentration.    
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Figure 4.8. Measurements used for gut morphology analysis.  The yellow bar depicts how villi 

height was determined.  The red bar is indicative of crypt depth measurement area.  The black 

cross bar is where the mid width measurement was taken.  Base width was measured using the 

blue cross bar alignment  
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Figure 4.9. The effect of PRRSV infection on jejunum gut morphology. PRRSV infection 

reduced jejunal villi height (P < 0.05) at d 10 post-inoculation and increased (P< 0.05) jejunal 

villi height at d 28 post-inoculation. No difference was detected in crypt depth at d 10 or 28 post-

inoculation     
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Figure 4.10. The effect of PRRSV infection on ileum gut morphology. PRRSV infection reduced 

ileal crypt depth (P < 0.05) at d 10 post-inoculation and at d 28 post-inoculation there was no 

difference.  No difference was detected in villus height at d 10 or 28 post-inoculation. 
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 SUMMARY  

In summary, understanding that PRRSV infection leads to increased inflammation and is 

immunosuppressive provides the basis for providing MCFA through the diet to support immune 

function.  MCFA are immunomodulatory and impact T cell signaling through GPR84 and 

monocyte differentiation through GPR40.  MCFA C6, C8, C10, C12 have been reported to 

polarize naïve T cells to a Th17 and Th1 phenotype and influence neutrophils through the 

activation of GPR84. The research presented earlier on feed mitigation using MCFA 

demonstrates that MCFA can inhibit viral infection in in-vivo studies.  These findings suggest 

that it is possible to influence the immune response through nutrition and leads to the working 

hypothesis that dietary components could be capable of impacting the immune response to a 

respiratory disease infection.  

The objective of the research undertaken as part of this dissertation was first to determine 

the impact of MCFA on viral replication of PRRSV.  Chapter 2 evaluated the effect of individual 

MCFA on PRRSV replication in vitro using MARC-145 cells.  Chapter 3 expanded on the 

knowledge gained in Chapter 2 and evaluated the effect of MCFA combinations on PRRSV 

replication in MARC-145 cells.  Chapter 4 evaluated the effect of a combination of MCFA 

delivered through feed in a PRRSV challenge study in swine.   

Chapter 2 focused on the impact of individual MCFA and their antiviral activity against 

PRRSV in cell culture. The results of this experiment supported our hypothesis that MCFA can 

reduce viral replication of PRRSV in MARC-145 cells. Results demonstrated that as MCFA chain 

length increased, inhibitory dose decreased. One effect of note was the effect at the highest 

concentration of 1000 µg/mL of MCFA (C10 and C12) where MARC-145 cells were lifted from 

the microtiter plates. This did not allow for evaluation of the effectiveness of MCFA at higher 
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concentrations.  In conclusion, C8, C10, and C12 were effective at inhibiting PRRSV replication 

in MARC-145 cells.    

Chapter 3 evaluated the efficacy of MCFA combinations (C8, C10, and C12) to reduce 

PRRSV replication in MARC-145 cells. The mode of action for MCFA has been speculated to be 

a direct effect on envelope viruses and bacteria via disruption of the viral envelope and cellular 

membrane integrity. Therefore, MCFA were incubated with the MARC-145 cells, the virus, or 

both to determine the mode of action.  The results of these experiments confirmed our previous 

results and demonstrated that MCFA combinations reduced viral replication in both Type II and 

Type I PRRSV strains with MARC-145 cells. The mode of action of MCFA have been reported 

to effect bacterial membranes or viral envelopes.   However, the results of this experiment did not 

demonstrate a direct effect on the PRRSV.  

Chapter 4 was designed to test an MCFA combination (C8:C12) in a PRRSV challenge 

experiment.  Overall, no effects of MCFA on PRRSV viral load or performance were observed in 

this experiment.  MCFA were effective at reducing viral replication of PRRSV in MARC-145 cells 

in vitro (Chapters 2 and 3).  However, similar results were not observed in this experiment.  

In order to fully understand the application of MCFA to inhibit PRRSV infection in pigs, 

more studies should be conducted to evaluate the effect of MCFA in vitro with porcine alveolar 

macrophages, different forms of MCFA, different dietary inclusion levels of MCFA, and field 

strains of PRRSV.  Next steps should be focused on issues raised from the current research in this 

dissertation.  MARC-145 cells were removed from plates using the highest concentration of C10 

and C12.  Cytotoxic effects at the highest concentration was tested in a preliminary analysis and 

were determined to be non-cytotoxic.  However, during the actual experiment, we were not able 

to maintain the monolayer of MARC-145 cells to fully evaluate MCFA efficacy.  In future 
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experiments, techniques should be used to determine that cells are viable and actively dividing and 

that the MCFA did not cause the cells to acquiesce or go dormant.  Flow cytometry analysis would 

be a suggestion to use in future studies to expand the potential of the cell culture experiments and 

gather more data points, which was limited in our current design.  This would also expand our 

abilities to better elucidate the mode of action.  Results should be confirmed in the species and cell 

type that is the natural host for the virus whenever possible.  Therefore, next steps should confirm 

the MARC-145 results in porcine alveolar macrophages. Previous studies have reported that 

PRRSV can become attenuated when propagated in MARC-145 cells.  This is of concern as we 

tested Type II North American (P129) and Type I European (Lelystad) PRRSV strains and both 

were propagated in MARC-145 cells.  Our results demonstrate that pigs were successfully infected. 

However, the attenuation could cause reduced pathogenicity and virulence, which could partially 

explain some of the differences in our in vivo experiment. One main symptom of viremia in pigs 

infected with PRRSV is elevated rectal temperatures, and in Chapter 4, we reported no difference 

in rectal temperatures between PRRSV infected and uninfected pigs, even though elevated 

temperatures have previously been reported with Type II (P129) PRRSV infected pigs (Greiner et 

al., 2000). This lack of response in temperature changes could be due to attenuation of the PRRSV 

or that the trial was conducted in July - August in Illinois with higher environmental temperatures.  

Future experiments should evaluate the passage of virus used in viral stocks for inoculation, and 

potentially passage the PRRSV through the animal target species prior to the challenge to confirm 

that pathogenicity of the virus has not changed.  Another consideration for future research might 

be to use an active field strain of PRRSV. Due to genetic diversity and inadequate cross protection 

produced through vaccines today, using a field isolate for testing could help to address issues 

producers are facing currently.   
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MCFA are found in different forms including glycerides, salts, and free fatty acids. The form 

of MCFA influences the function as well as the inclusion needed in feed to see a response.   The 

largest structure/form is a glyceride where the MCFA is bound to a glycerol backbone found in 

triglyceride, diglyceride, or monoglyceride structural configurations. The MCFA bound to 

glycerol must be cleaved by lipase activity in the digestive tract. MCFA used in animal feed 

formulations as triglycerides are fed at higher rates to provide free fatty acids compared to directly 

using free fatty acids in diet formulations. MCFA used in animal feeds can also be in the salt form 

bound to a calcium or sodium molecule.  The salt form is dissociated in the acidic environment of 

the stomach releasing the free MCFA, which lowers the inclusion level to provide free fatty acids. 

However, if your target site of action is farther into the small intestines, the salt form would be 

limited in providing the amount of free MCFA needed to measure a response. Free MCFA can be 

used in animal feed and do not require lipase activity or an acidic environment to be functional, 

but would have a similar caution to the salt form in terms of consideration should be given to the 

goal or function targeted by the use of MCFA.  For an example, if you are targeting feed mitigation 

to reduce viral transmission you want the MCFA to be active against the pathogen in the feed 

immediately.  Therefore, you would not use a MCFA triglyceride as they are too large to interact 

with pathogen membranes, making the free MCFA as well as monoglycerides a better option. 

Another consideration is digestion and the challenges it poses in the delivery of MCFA to the 

active site.  MCFA are readily absorbed by the enterocytes as an energy source and can be used as 

cellular membrane components. They are transported via the portal vein directly to the liver for 

metabolism and not through micelle formation and the lymph system.  Therefore, if you need the 

MCFA to travel farther down the intestinal tract, you would want to evaluate glyceride forms or 

encapsulated free MCFA.   
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Even with the challenges outlined, MCFA are still viable candidates for nutritional 

applications to improve animal health.  MCFA have been reported to inhibit pathogenic bacteria 

and support the growth of beneficial bacteria, enhancing digestion and nutrient utilization along 

with promoting intestinal function and integrity.  Immune function is directly impacted by the 

immunomodulatory effects of MCFA via T cell lymphocyte cell signaling and improved immune 

responses. The improvement in immune response has a direct impact on animal performance due 

to the energy expensive nature of immune functions. Free fatty acids interact with immune and 

nonimmune cells through G protein coupled receptors (GPCR) along the intestine (J. Wang et al., 

2006).   

Swine feed has come under heavy scrutiny in the last few years following Porcine Epidemic 

Diarrhea Virus (PEDV) outbreaks in 2013-2014. Ingredient sourcing and the potential for 

contamination coming through global trade has raised alarms about the introduction of a foreign 

animal disease. Treating feed with MCFA has been reported to prevent PEDV and PRRSV 

infection in a bioassay. Further studies have been conducted to confirm that MCFA can reduce 

viral transmission of PEDV.  PRRSV infection has not been thought of as a feed transmission issue 

so this is a consideration to keep in mind. The hypothesis of how MCFA reduces viruses in feed 

has focused on the interaction of MCFA and the viral envelope, and our results from Chapter 3 did 

not confirm a direct effect on the PRRSV.  

The data around the use of MCFA as a feed mitigation strategy against PEDV has led to 

evaluating their use with other envelope viruses including PRRSV and African Swine Fever Virus 

(ASFV).  Treating ingredients before or after viral inoculation with ASFV resulted no functional 

virus detected using virus isolation  (Niederwerder et al., 2020).  Treating complete swine feed 

with MCFA has also been reported to reduce the viral transmission of PEDV and PRRSV through 
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feed, as demonstrated utilizing an ice block method of inoculating feed in the feed bin to simulate 

using feed as the vector for viral transmission.   

In conclusion, nutrition impacts health and requires intercommunication between gut tissue, 

the central nervous system, and the immune system. Understanding of the vast interactions of the 

gut with other regulatory systems does provide targets for impacting health and performance in 

the animal as well as targets for therapeutic products to prevent infection and disease spread. This 

interaction of Health and Nutrition has always been in the background of performance 

improvements with nutritional programs.  It will however continue to grow and become one of the 

new frontiers in animal sciences and require collaboration of nutritionists and veterinarians.  
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