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Summary
Porcine reproductive and respiratory syndrome virus (PRRSV) is a major respiratory
pathogen of swine that has become extremely costly to the swine industry worldwide, often
causing losses in production and animal life due to their ease of spread. However, the
intracellular changes that occur in pigs following viral respiratory infections are still scantily
understood for PRRSV, as well as, other viral respiratory infections. The aim of this study
was to acquire a better understanding of PRRS disease by comparing gene expression changes
that occur in tracheobronchial lymph nodes of pigs infected with either porcine reproductive
and respiratory syndrome virus (PRRSV), porcine circovirus type 2 (PCV2), or swine
influenza virus (IAV) infections. The study identified and compared gene expression changes
in the TBLN of pigs infected with either PRRSV, PCV2, IAV, or sham inoculation. Five pigs
from each group were euthanized on 1, 3, 6, and 14 DPI. TBLN was collected from each pig
and total RNA was pooled for each group at each time-point to make 16 libraries for analysis
by Digital Gene Expression Tag Profiling (DGETP). The data underwent standard filtering to
generate a list of sequence tag raw counts that were then analyzed using multidimensional and
differential expression statistical tests. The results showed that PRRSV, IAV and PCV-2 viral
infections followed a clinical course in the pigs typical of experimental infection of young
pigs with these viruses. Gene expression results echoed this course, as well as, uncovered
genes related to shared and unique host immune responses to the 3 viruses.
By testing and observing the host response to other respiratory viruses, our study has
elucidated similarities and differences that can assist in development of vaccines and
therapeutics that shorten or prevent a chronic PRRSV infection.
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Introduction
Respiratory diseases are extremely costly to the swine industry worldwide and ongoing
research is essential for gaining a better understanding of the pathogenesis, diagnosis, and
prevention of respiratory disease (Brockmeier et al., 2002; Rowland & Lunney, 2017).
It is known that viruses hijack the biosynthetic, metabolic and signaling machinery of
the cell for their own ends (Walsh & Mohr, 2011). Viral proteins interact with specific
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cellular components to alter the function of these pathways and even alter gene expression in
the host cell to bring about successful replication and production of progeny virus. The cell
has a number of innate mechanisms for detecting the diversion of these functions and will
initiate events to inhibit viral replication or to kill itself in an attempt to stop the infection.
These events, and how effective they are, have a profound effect on the events that follow.
These include the ability to respond to and end the infection at the cellular or organismal level
and whether pathological changes occur that may, in severe cases, lead to death.
The lymph node is the place where the innate (early, non-specific) immune response
talks to the adaptive (later, specific) immune system (Janeway et al., 2001). Tracheobronchial
lymph nodes (TBLN) drain the virus-infected tissues (inflamed lungs). Although the TBLN
contains a number of cell types, the advantage of sampling the TBLN is that we are studying
both direct effects of virus on cells in the lymph nodes as well as indirect effects on lymph
nodes draining the lungs and therefore are studying at least a portion of the real host response.
Digital Gene Expression Tag Profiling (DGETP) is the most advanced derivate of the
SAGE technology for the analysis of expressed genes in eukaryotic organisms (Morrissy et
al., 2010). Like in SAGE, a specific tag from each transcribed gene is recovered. By
sequencing and counting as many tags as possible, the transcription profile, stating what gene
is described and how often, becomes apparent. DGETP uses the restriction enzyme, DpnII, to
cut 21 bp long sequence tags from each transcript's cDNA, expanding the tag-size by at least
7 bp as compared to the predecessor techniques SAGE and LongSAGE. The longer tag-size
allows for a more precise allocation of the tag to the corresponding trancript, because each
additional base increases the confidence in the mapping of the tag to a transcript or genomic
position. We used the Solexa/Illumina Genome Analyzer II, in which adapter sequences,
ligated to both ends of the DNA molecule, are bound to a glass surface coated with
complementary oligonucleotides. This is followed by solid-phase DNA amplification and
sequencing-by-synthesis (Bentley, 2006). The system yields millions of short reads (currently
up to 36 bp), and is therefore very suitable for tag-based transcriptome sequencing. Each and
every transcript can be quantified by counting the tags in a DGETP library such that
quantitative genetics is readily possible with DGETP.
In this context, our objective was to study the transcriptome kinetics within the
porcine tracheobronchial lymph node during the acute phase of a respiratory viral infection.
Using DGTEP, we identified cellular genes whose showed significant changes in mRNA
levels during experimental infection in vivo. Understanding the host response by studying
gene expression may lead to the development of methods that shorten or prevent a chronic
PRRSV infection as well as improve cross-protection of PRRSV vaccines; achievements that
would be key components of any successful vaccinate-to-eradicate program.

Material and methods
Pigs were infected with 1 x 105 cell culture infectious dose 50% per pig of PRRSV (strain
SDSU73), porcine circovirus type 2 (PCV2; group 2), or swine influenza virus (IAV;
A/SW/OH/511445/2007). Pigs were allotted to one of 4 treatment groups: sham inoculated
control, PRRSV-challenge, PCV2-challenge, or IAV-challenge. On 0 dpi pigs received an
intranasal challenge with 2 ml of either sham or virus inoculum. Control pigs were sham
inoculated with tissue culture supernatant. Five pigs from each group were euthanized and
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necropsied on 1, 3, 6, and 14 dpi. Body temperatures of pigs euthanized on 14 dpi were
recorded daily. At necropsy, lungs were scored for gross lesions. TBLN were homogenized
and aliquots used for RNA extraction or immunophenotyped by flow cytometry analysis and
cytokine expression. Total RNA was pooled for each group and timepoint to make 16
libraries, for analysis by DGETP using the whole-genome expression analysis platform
(Illumina Technologies). Data underwent image analysis, base calling, and standard filtering
to generate a list of sequence tags and counts. Multidimensional statistical tests and clustering
analysis identified significant changes in tag abundance. To elucidate the global
transcriptional response during infection, comparisons between all 4 treatment groups
aggregated across all time points during infection were calculated using a statistical threshold
of Q-value ≤ 0.1 to differential expression (DE). These genes where then converted to their
human uniprotkb (UniProt, 2015; 2017) homologs to be analyzed against the human genome
as the background for analysis. The software GoTermfinder and AmiGO were used to
examine over-enrichment of biological processes and molecular function. Statistical
significance for the GO and pathway analysis was based on Bonferroni corrected p-values of
0.05. Interaction networks were deduced using human-based annotations of direct and
homolog data with a cut-off of 0.5 in String 10.5. Only genes with evidence of molecular
action forming the largest network were retained in the image and genes forming only
interactions with 1 gene were excluded.

Results
The PRRSV, IAV and PCV-2 viral infections followed a clinical course in these domestic pigs
typical of experimental infection of young pigs with these viruses. PRRSV isolate SDSU-73
was pathogenic in this study inducing fever, anorexia, listlessness, and dyspnea. Although
PRRSV, PCV2, and IAV can induce respiratory disease in pigs that may appear similar, the
mechanism for each virus is different reflecting their unique properties. PCV2 like PRRSV
can directly effect cells within lymph nodes as well as cause inflammation in lungs. IAV does
not directly effect cell within lymph nodes, but they will be affected by the inflammation or
pneumonia.
In all we were able to identify 3,689 genes in total that could be annotated to the
S.scrofa 10.2 genome. Based on the statistically significant (Q ≤ 0.1) threshold for those
genes, we were able to make the following observations: for PCV2 only 78 genes were
significant with 44% downregulated and 56% upregulated; PPRSV had a total of 308 DEG
with 43% down regulated and 57% upregulated; and IAV had a total of 215 DEG with 35%
of them being downregulated and 65% being upregulated.
Principal component analysis of DEG showed that PRRSV had the most profound
separation from the clustered controls, while PCV2 had the least separation from the controls.
PCV-2 displayed the smallest overall effect on the host gene expression. Differentially
expressed genes (DEG) from the comparisons were used for prediction of interaction
networks affected by the viruses (Figures 1 & 2). Gene ontology analysis (GO) was
conducted on all statistically significant differently expressed genes by the host in response to
PCV-2, PRRSV, and IAV (Table 1). For the PRRSV infected pigs, we mostly witnessed
downregulation of genes related to signaling processes that can initiate adaptive immunity
possibly highlighting part of the process PRRSV uses to evade neutralizing antibodies (Table
1). For IAV the results showed a mix of up and downregulated genes related Fc receptor
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signalling, but showed consistent upregulation of genes involved in leukocyte adhesion and
immunity (Table 1). The downregulation of immune response genes could be related to
recovery of the IAV-infected host. These findings match the relative severity of infection
observed in sick pigs associated with these viruses.
Table 1. Table of unique immune-related DEG for PRRSV or IAV infection of TBLN.
Downregulated genes appear in red, upregulated genes appear in green. All genes
statistically significant at Q <= 0.1.
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Figure 1. Interaction network of unique DEG from host response to PRRSV. Solid red circles
denote immune genes seen to be downregulated, solid green circles denote upregulated
immune genes. Only genes with evidence of molecular action forming the largest network
were retained in the image. The red box contains immune response genes that increase
inflammatory signaling. Downregulation of the “hub” genes is likely preventing downstream
signaling to increase inflammation and/or signal adaptive immunity.
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Figure 2. Interaction network of unique DEG from host response to IAV. Solid red circles
denote immune genes seen to be downregulated, solid green circles denote upregulated
immune genes. Only genes with evidence of molecular action forming the largest network
were retained in the image. The red box contains genes involved viral replication. The green
boxes contain genes involved in the Fc receptor signaling pathway.
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