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African swine fever (ASF) is a global threat to animal health and food security. ASF is typically
controlled by strict biosecurity, rapid diagnosis, and culling of affected herds. Much progress has been
made in developing modified live virus vaccines against ASF. There is host variation in response to ASF
infection in the field and under controlled conditions. To better understand the dynamics underlying
this host differential morbidity, whole transcriptome profiling was carried out in twelve immunized
and five sham immunized pigs. Seventeen MHC homozygous inbred Large white Babraham pigs

were sampled at three time points before and after the challenge. The changes in the transcriptome
profiles of infected animals were surveyed over time. In addition, the immunization effect on the host
response was studied as well among the contrasts of all protection subgroups. The results showed two
promising candidate genes to distinguish between recovered and non-recovered pigs after infection
with a virulent African swine fever virus (ASFV) pre-infection: HTRA3 and GFPT2 (padj <0.05). Variant
calling on the transcriptome assemblies showed a two-base pair insertion into the ACOX3 gene closely
located to HTRA3 that may regulate its expression as a putative genomic variant for ASF. Several
significant DGEs, enriched gene ontology (GO) terms, and KEGG pathways at 1 day and 7 days post-
infection, compared to the pre-infection, indicate a significant inflammation response immediately
after ASF infection. The presence of the virus was confirmed by the mapping of RNA-Seq reads on

two whole viral genome sequences. This was concordant with a higher virus load in the non-recovered
animals 7 days post-infection. There was no transcriptome signature on the immunization at pre-
infection and 1 day post-infection. More samples and data from additional clinical trials may support
these findings.

African swine fever virus (ASFV) is rapidly spread between animals and causes a lethal hemorrhagic fever with
high mortality rates in domestic and wild pigs'. It is responsible for massive losses in pig populations with drastic
economic consequences. This disease is endemic in Africa, newly emerging in the EU, Asia and the Caribbean,
and a global threat>’. According to the 35th situation report of World Organization for Animal Health?* pub-
lished in June 2023, since January 2021, and as of 27 April 2023, ASF has been reported in 47 countries in five
different world regions, globally affecting more than 924,000 pigs and more than 26,000 wild boars with more
than 1,283,000 animal losses (deaths plus animals killed and disposed of, not including the animals culled in
areas around the outbreak for controlling the disease)*. Case fatality rates approach 100% after infection with
virulent isolates. However, infection with attenuated viruses can show a much less severe disease course, and
in many cases, recovered animals are fully protected from subsequent challenges with related virulent viruses®.

The dynamics of the differential recovery to a carefully controlled artificial ASFV infection can be studied
through transcriptome profiling. The results suggest a way to breed pigs that are more genetically resilient to
ASE. The clinical records may support differentially expressed genes (DEGs) conclusions.

The transcriptome of the various genotypes of ASF virus isolate®®, its vector-borne tick’, and infected swine
macrophages as the host-pathogen interaction'’> have already been studied. A few studies have surveyed the
response to the infection in the host'*~'¢. None of the latter studies have designed an infection challenge to study
the transcriptome signatures of the immunization.
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Materials and methods

Ethics statement

This present study is reported in accordance with ARRIVE guidelines (https://arriveguidelines.org). The animal
experiment has been described previously® and was carried out under the Home Office Animals (Scientific
Procedures) Act (1986) (ASPA) and were approved by the Animal Welfare and Ethical Review Board (AWERB)
of the Pirbright Institute. All animal housing, challenging, and sampling procedures were conducted by trained
and competent Personal License holders who were under the auspices of Project License PPL70/8852.

Animals and infection challenge

ASFV strains were cultured and titrated using endpoint dilution on bone marrow-derived macrophages as
described previously'”. Seven female and 10 male fifteen weeks old MHC homozygous inbred Large white
Babraham pigs'® were bred at Animal Plant Health Agency, APHA Weybridge, UK. Twelve pigs were randomly
immunized with a low virulent ASFV isolate (OUR T1988/3), and the remaining five were inoculated with phos-
phate buffer saline (PBS) as the sham vaccine treatment. All animals were challenged with the virulent ASFV
isolate (OUR T1988/1) 18 days after the immunization. The dose of OUR T1988/3 for the immunization and
OUR T1988/1 for the challenge on day 18 was 10,000 units. Both inoculations were via the intramuscular route
and the pigs were studied for cellular and humoral responses after immunization®. Scoring of clinical signs and
macroscopic lesions assessed at post-mortem were as described previously'*?. Virus in the blood and tissues
was titrated using quantitative PCR?!. The schematic experimental design is shown in Supplementary Fig. 1.

Blood sampling

The biobank blood samples from the study of Goatley et al. (2022) were used in the present study. As it has been
described previously®, peripheral blood mononuclear cells (PBMC) were prepared from heparinized blood using
Histopaque® (Sigma-Aldrich, Merck Life Science UK Limited) and frozen in foetal calf serum supplemented
with 10% DMSO. Blood samples were collected pre challenge with OUR T1988/1 (day-1), 1 day post-infection
and either when pigs reached their humane endpoint or 7 days post-infection. This latter was included under
“7 days post-infection (dpi)” treatment in the data analysis.

RNA-sequencing

Frozen PBMCs were defrosted into RPMI media supplemented with 10% foetal calf serum. Total RNA was
extracted from one million cells using a MagMAX mir Vana Total RNA extraction kit on a MagMAX™ Express-96
Deep Well Magnetic Particle Processor. Prior to sequencing library preparation, quality control was performed
by RNA size analysis, on a 4200 Tapestation using RNA ScreenTape (Agilent Technologies, Santa Clara, USA).
All samples exhibited RIN values ranging between 7.4 and 9.1 and were quantified using a Qubit RNA BR (Ther-
moFisher Scientific, Waltham, MA). Sequencing library preparation was performed using the Illumina Stranded
mRNA Prep kit (Illumina, San Diego, USA) according to the manufacturer’s instructions and automated using
a Hamilton NGStar (Hamilton, Bonaduz, SW). Sequencing library quality was assessed using Tapestation 4200
(Agilent Technologies, Santa Clara, USA) and Qubit (ThermoFisher Scientific, Waltham, MA) before being
diluted to 5 uM. Libraries were randomly split into nine pools of 8—10 samples. Pooled libraries were quantified
using the NEBNext Illumina library quantitation kit (NEB, Ipswich, USA) and Qubit (ThermoFisher Scientific,
Waltham, MA) and adjusted to 5 uM prior to spiking with 1% PhiX (Illumina, San Diego, USA). Pooled librar-
ies were sequenced on two 2 x 75 cycle paired-end sequencing runs on a NextSeq 550 System (Illumina, San
Diego, USA).

Data quality control

Two separate RNA libraries were sequenced for each sample that were merged later during analysis. In total, 43
whole RNA-Seq data were qualified by FastQC v0.11.8. The 75-bp paired reads were then trimmed in two steps
by Trimmomatics 0.39* and bbduk.sh script available in BBMAP suite v38.94%, respectively.

Transcriptome assembly

The schematic computational workflow is shown in Supplementary Fig. 1. The filtered reads were mapped on the
Swine reference genome (Sus_scrofa.Sscrofall.1l, Ensemble release 106) using HISAT? aligner?*. In addition, host
mRNA reads were mapped against two whole genomes of the ASFV isolates used in this study (Supplementary
Materials S1 & Materials S2), including the Portugal _1988-OURT88-3 sequence® (Accession no: NC_044957)
is the low virulent strain that was used for the immunizations and the Spain_1975_E75 sequence? (Accession
no: NC_044958) is probably very similar to the virulent OUR T1988/1 strain used for the challenge.

Feature counting

All exon features were extracted from swine gene transfer format (GTF) annotation (Sus_scrofa.Sscrofall.l,
Ensemble release 106) and counted on the individual assembled transcriptomes by featureCounts v2.0.1”. Using
the DESeq2 v1.32.0 package?® under R v. 4.1.3%, the count of reads was normalized per sample. The samples
were then grouped by the Principle Component Analysis (PCA) under the following model and ordinated on
a heatmap.

design =~ group

That group is the combination of "Condition_Day".
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Differential Gene Expression (DGE)
Differential Gene Expression (DGE) analysis was performed using the DESeq2 v1.32.0 package?® under R v.
4.1.3%. All contrasts were covered in the following model.

design =~ condition

The condition is the host response to infection challenge (recovered vs. non-recovered) or immunization
status (vaccine vs. sham). Non-recovered animals were totally twelve pigs, including five pigs of sham (control)
group and seven of immunized ones.

The differential gene expression between protected and sham animals was contrasted at each time point
with the recovered and sham pigs as the reference group, respectively. The contrasts among the subgroups of
immunization-response combinations, including vaccinated-recovered, vaccinated-non-recovered, and sham
at each time point, were investigated for more resolution.

In order to address the host response to ASF infection, the comparisons over time (time-series) after the
infection challenge were made on the following model by pair in each post-infection time against pre-infection
as the base using Likelihood-Ratio Test (LRT) and Day as a reduced factor.

design =~ condition + day + condition:day

That day is the sampling time in three levels (pre-infection, 1 day, and 7 days post-infection), and
condition:day is the interaction between condition and time.

Gene ontology and pathway enrichment analysis
Gene ontology (GO) and pathway enrichment analyses were done on the Panther database® and interpreted
under statistical threshold Bonferroni adjusted P-value equal to and less than 0.05.

Variant calling

Variant analysis was done on the transcriptome assemblies by bcftools mpileup?’. In total, two vcf files were indi-
vidually produced for all recovered and all non-recovered pigs. The variants were visualized and tracked by the
Integrative Genomics Viewer (IGV) v.2.14.1%? in areas neighboring the significantly differentially expressed genes.

Results
Animal trials
The daily clinical signs, body temperature, virus titer (viremia) as a virological parameter determined by quantita-
tive PCR, and antibody responses have already been recorded and published for all pigs in this study®.
Seventeen Large white Babraham pigs were randomly assigned to one group of 12 and one group of five pigs.
The group of 12 animals were immunized with the low virulent OUR T1988/3 isolate while the group of five
were immunized with a sham vaccine. Eighteen days later all pigs were challenged with the homologous virulent
OUR T1988/1 isolate of ASFV. All animals developed clinical disease. All sham and seven of the OUR T1988/3
immunized pigs reached a humane endpoint between 4 and 7 days post-infection. The last samples were collected
from them on the day they were culled. Five of the OUR T1988/3 immunized pigs recovered and were eventually
euthanized 35 days after the original immunization.

Data quality

Each RNA-Seq sample was individually trimmed based on its own quality control results. The number of counts
pre- and post-trimming and the percentage of removed reads are shown in Supplementary Table 1. Based on
the number of feature counts, the trimmed reads were normalized. Figure 1A shows that one RNA-Seq sample
from one recovered pig at 1 day post-infection was an outlier (red highlighted in the related graphs) in Principle
Component Analysis (PCA) and was removed in Fig. 1B. The heatmaps of the distribution of the counts for all
samples (red highlighted outlier sample) and without the outlier one has been figured out in Supplementary
Fig. 2A,B, respectively.

Transcriptome assembly

Average alignment rate on the swine reference genome was 96% (the last column in Supplementary Table 1). In
addition, 0.0 to 3% of reads were uniquely mapped on viral genomes. This confirms the presence of viral tran-
scriptomes in the vaccinated pigs and is consistent with previous qPCR data showing the presence of circulating
virus in these animals after challenge with OUR T1988/1°. As expected, the rate of mapped viral reads gradually
increased for the sham-inoculated animals, reaching the highest on the day the pigs were culled (4-6 days post-
infection), or 7 days after the OUR T1988/1 challenge for those that recovered (up to 3.18% of reads).

Differential Gene Expression (DGE)
Non-recovered vs. recovered contrasts
The differential gene expression results of the non-recovered vs. recovered contrasts at three time points revealed
2, 37, and 558 significant differentially expressed (SDE) genes just before, 1 day, and 4-7 days post-infection
(padj <0.05), respectively (volcano graphs in Fig. 2 and listed in Supplementary Table 3). The number of shared
SDE genes among these contrasts is shown in a Venn diagram (Fig. 3).

Only two genes (Fig. 2-A), High-Temperature Requirement Factor A3 (HTRA3) and Glutamine-Fructose-
6-Phosphate Transaminase 2 (GFPT2), were significantly up-regulated pre-challenge (padj<0.05) between
recovered animals (n=5) and those that became terminally ill (n=12). The recovered pigs had a significant
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Figure 1. The PCA plot of all samples (A) and without the outlier (highlighted in red circle) sample (B).

down-regulation of HTRA3 and GFPT2 of up to 12.85 and 9.57 fold, respectively, before the infection chal-
lenge compared to recovered pigs (Table 1). These two genes deserve some closer attention. Given that they are
differentially expressed prior to the infection with the virulent strain, they could be promising biomarkers for
recovery from virulent ASFV and increased resilience. HTRA3 is part of a highly conserved gene family of serine
proteases®®. GFTP2 controls the flux of glucose into the hexosamine pathway*.

By excluding naive (sham) pigs from the non-recovered group in the recovered vs. non-recovered contrast
(Supplementary Table 4), two additional genes located on chromosome six, TDRD12 (Tudor Domain Contain-
ing 12) and an unknown gene (ENSSSCG00000035336), were differentially expressed (padj <0.05). TDRD12 is
essential for secondary PIWT interacting RNA biogenesis (piRNAs). piRNAs are a class of small RNAs that are
used to specifically guide the DNA methylation machinery to the transposon DNA elements®*. Interfering with
host mRNA and protein synthesis is a common virulence mechanism employed by ASFV?.

Post-infection overtime contrasts among non-recovered pigs

4814 and 5494 significant differentially genes were involved in non-recovered pigs 1 day and 7 days post-infection
compared to pre-infection (padj<0.05), respectively (Fig. 4 and Supplementary Table 5). Totally, 1577 genes were
shared between 1 day and 4-7 days post-infection (Fig. 5).
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Figure 2. The volcano graphs of the statistically significant DEGs (Red dots) between non-recovered vs.
recovered pigs (padj <0.05) on pre-infection (A), 1 day (B), and 7 days post-infection (C).
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Figure 3. Venn diagram of the shared numbers of the statistically significant DEGs between recovered vs. non-
recovered pigs (padj<0.05) on pre-infection, 1 day, and 7 days post-infection.
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Table 1. The details of the Differentially Expressed Genes (DGEs) pre-infection.

Immunization contrasts
No differentially expressed genes were significant for the contrast of vaccinated (n = 12) versus sham pigs (n=5)
in pre-infection (Fig. 6-A and Supplementary Table 6). This shows no clear gene expression signature of the
immunization 18 days after the inoculations (padj <0.05). There were 32 and 183 DEGs (padj<0.05) in 1 day and
4-7 days post-infection between vaccinated and sham pigs (Fig. 6-B,C, and Supplementary Table 6), respectively.
The results of the immunization subgroups (Supplementary Fig. 3) were almost concordant with the corre-
spondent recovered vs. non-recovered contrasts (Figs. 2 and 4). It re-confirms that no transcriptomic footprints
resulted from the immunization 18 days before the infection challenge. Among the clinically ill pigs, only 23 and
25 genes differentiated the immunized from sham infected pigs 1 day (Supplementary Fig. 3-A2) and 4-7 days
post-infection (Supplementary Fig. 3-A3), respectively. There was no overlap between the 2 days. This confirmed
the previously reported cellular and humoral responses between the immunized and sham-vaccinated pigs®.
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Figure 4. The volcano graphs of the statistically significant DEGs (Red dots) between non-recovered pigs
(padj<0.05) 1 day (A) and 7 days (B) post-infection compared with pre-infection.
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Figure 5. Venn diagram of the shared numbers of the statistically significant DEGs between non-recovered pigs
(padj <0.05) over time post-infection compared to pre-infection.
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Figure 6. The volcano graphs of the statistically significant DEGs (Red dots) between non-protected vs. sham
pigs (padj <0.05) on pre-infection (A), 1 day (B), and 7 days post-infection (C).
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Gene Ontology (GO) and pathway enrichment analysis

There were no enriched GO terms and pathways in the recovered versus non-recovered contrasts pre-infection
and 1 day after the infection challenge (Bonferroni corrected p-value < 0.05). The enriched GO terms and path-
ways in this contrast 7 days after the infection challenge were relevant to the immune system and summarized
in Table 2.

There were many enriched GO, KEGG pathways, and protein classes (Bonferroni corrected p-value >0.05)
over time, 1 day and 7 days post-infection compared to pre-infection. The total numbers are summarized in
Table 3 and more detailed in Supplementary Materials S3. This is consistent with infection with ASFV invoking
a strong inflammation reaction in the pigs.

Variant calling

A total of 4,840,591 variants were discovered in the assembled transcriptome sequences of all animals, includ-
ing 4,647,453 Single Nucleotide Variants (SNVs) and 193,138 Insertion-Deletions (INDELs). In addition, there
were 3,607,398 and 2,429,614 SNVs and 176,637 and 141,608 INDELs for non-recovered and recovered animals,
respectively, when compared separately. Upstream of HTRA3, in the sequence of ACOX3, a 2-bp insertion was
detected. This InDel was shown as a homozygous insertion (CCTC/CCTC) only in the recovered pigs by IGV
v.2.14.1 (Fig. 7).

Discussion

This study aimed to use transcriptomics to identify potential candidate genes that may provide insights into
differences in ASF disease outcomes. Four studies have already investigated the transcriptome profiling of the
host in response to ASE Two studies compared the pathogenesis of different strains'*!%, one study investigated
the effect of varied doses of the inoculated virus on host transcriptome profiling'?, and one studied features of
immune response of acutely infected, dead, and subclinical infection of ASFV in pigs'®. To our knowledge this
is the first report of the transcriptomic profile of pigs immunized with a low virulent isolate of ASFV before
and after challenge with virulent virus. If validated, it could provide selectable biomarkers for recovery to ASF
following prior immunization. In addition, a genomic variation in the ACOX3 gene sequence was observed
only in the recovered pigs. It may support identifying animals that are likely to be protected because ACOX3 is
closely upstream of High-Temperature Requirement Factor A3 (HTRA3), one of two highly up-regulated DEGs
on pre-infection in the pigs that recovered after the challenge.

HTRAS3 is hypothesized to be involved in apoptosis and is differentially expressed in a range of cancers that
have been previously reviewed®. HTRA3 was previously shown to exhibit significantly suppressed expression
of up to 5.6x under heat stress in different human cell lines**. HTRA3 is even more interesting because of an
upstream insertion in the ACOX3 gene that putatively regulates the expression of HTRA3, where the recovered
animals are homozygous for the insertion. The interaction between the two genes has already been reported in
human cell lines where exposure at 42 °C for 2 h resulted in reduced expression of both ACOX3 and HTRA3.
It has been shown that in-vitro upregulation of HTRA3 decreased the secretion of inflammatory cytokines in
artificially challenged myoblasts, while downregulation of HTRA3 led to increased secretion of cytokines™.
This negative correlation between HTRA3 expression and secretion of inflammatory cytokines could explain
the observed upregulation of HTRA3 in recovered pigs. Whether the upregulation of HTRA3 in pigs that are
homozygous for the insertion was a result of the prior immunization or whether these pigs have naturally higher
levels of HTRA3 requires further study. If the effect of this insertion on HTRA3 expression and recovery to ASF
can be validated, then we have a very promising selectable genomic marker. The insertion can be tested in healthy
pigs with a simple DNA test facilitating the genetic selection of parents with the favorable genotype.

Enriched GO/pathway | Description Gene counts | over/under | P value*<0.05

GO biological process Immune system process (GO:0002376) 76 + 1.05E-02

GO cellular component Side of membrane (GO:0098552) 32 + 8.62E-03
Immune System (R-SSC-168256) 71 + 3.26E-03

Reactome pathways Innate Immune System (R-SSC-168249) 38 + 4.41E-03
Toll-like Receptor Cascades (R-SSC-168898) | 9 + 3.92E-02

Table 2. The significant enriched GO and pathways (P >0.05) in recovered vs non-recovered contrast 7 days
post-infection. *Bonferroni Correction.

GO-BP | GO-CC | GO-MF | PANTHERPathway | Reactome pathway | PANTHER protein class
One day pi 244 72 84 4 44 20
Seven days pi 197 63 65 9 51 20

Table 3. The number of the significant enriched of GO and pathways (P >0.05) among non-recovered pigs
over time. BP: Biological Process, MF: Molecular Function, CC: Cellular Components.
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Figure 7. The 2-bp insertion on the sequence of the ACOX3 gene located near to HTRA3 gene (highlighted in
red box) was observed only in the recovered pigs.

GFTP2, the other differentially expressed gene before infection, is most likely involved in regulating the
hexosamine biosynthetic pathway (HBP) and the availability of precursors for N- and O-linked glycosylation of
proteins. HBP plays a key role in metabolism, health, and aging. Its rate-limiting enzyme glutamine fructose-
6-phosphate amidotransferase (GFPT/GFAT) controls it. The regulation by GFPT1, GFPT2, and GFPT2:GFPT1
ratio is well studied, but other HBP regulators have remained obscure®. It has also been implicated in ovarian
cancer, where overexpression is correlated with poor survival®’. Since several immunological factors such as
glycosylation, interferons, cells surface receptors, antibodies, etc., are contributed to GFTP2 gene function, single-
cell mRNA sequencing may explain how overexpression of the GFTP2 gene would benefit the recovery of pigs.

Jaing et al. (2017) compared the host responses to two ASFV strains, including the low pathogenic OUR
T1988/3 (the same strain we used as a vaccine to protect against ASF), versus the highly pathogenic Georgia
2007/1. There are some overlapping DGEs with our study. They reported the high upregulation of the host
PPP1R15A gene following Georgia 2007/1 infection. This gene is a host cell homolog of the DP71L gene in ASFV.
DP71L identifies a redundant mechanism to ensure that host cell translation remains intact®®. Machuka et al.'®
also reported the upregulation of the PPP1IR15A gene during AFSV infection.

As Jaing et al. (2017) and Machuka et al.’* have reported, our study also showed significant upregulation for
some well-known genes associated with macrophages only 1 day post-infection of ASFV, including SIGLECI,
CD163, HMOX1, and S100A8. In addition, several chemokines and chemokine receptor genes, previously
described as DGE during acute ASFV infection®*’, were significantly differentially expressed. It has been sug-
gested that the upregulation of the macrophage surface marker gene, SIGLEC], relates to increased circulating
monocytes. CD163, a second macrophage-associated marker gene, further supports increased macrophages. The
increased numbers of circulating CD163-positive monocytes during acute ASFV infection have been reported*!.
CD163 has been proposed as a candidate receptor for ASFV. An in vitro experiment indicated that the PRRSV
receptor CD163 may be playing a role in ASFV infectivity. ASFV-infected macrophages had an enhanced expres-
sion of CD163, and anti-CD163 antibodies could block infection of ASFV in macrophages in a dose-dependent
manner*. However, the challenge of CD163-knockout pigs with the Georgia 2007/1 isolate of ASFV resulted
in clinical signs consistent with acute disease and ruled out a significant role for CD163 in infection®. As it has
already been reported'®, the upregulation of HMOX1 was observed to be linked with increased CD163 expres-
sion. HMOXI1 codes a protein found in CD163-positive macrophages. Single-cell sequencing on macrophages
may result in high-resolution conclusions.

The RELA protein, a subunit of the NF-KB transcription factor, plays a key role in regulating immune
response upon infection. A three amino acid difference in the RELA protein between the warthog and domestic
pigs was used as a base for gene editing of domestic pigs. Pigs with three warthog amino acid substitutions had
a delayed onset of clinical signs and less viral DNA in blood and nasal samples after challenge with ASFV. Func-
tional studies have revealed that the polymorphic sequence variation S531P in RELA proto-oncogene, as a gene
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associated with resistance/tolerance to ASE, promotes most of the distinct host response to ASFV in warthogs
and domestic pigs*’. The edited porcine RELA gene was then delivered to the pig zygote, resulting in the live born
of edited piglets**. In our study, RELA was downregulated only 7 days post-infection. Machuka et al.'> reported
the down-regulation of RELA in the high- and medium-dose groups of ASFV but not differentially expressed
in the low dose group. It can be concluded the gene modifications of RELA***5%7 and CD163* genes have not
been successful for ASFV resistance compared with gene editing for PRRSV*S or TGEV*. Two suggested DEGs
can be new potential targets to gene editing for resistance to ASE

We found some differentially expressed miRNA during ASFV infection, including ssc-mir-23a, ssc-mir-
29c¢, ssc-mir-186, and miR-1296 that have been previously reported between pigs infected with attenuated and
virulent ASFV isolates®. Another differentially expressed miRNA, MIR142 was differentially expressed between
infected and non-infected pigs in a previous study’!. As additional differentially expressed miRNA: ssc-mir-27a,
ssc-mir-1271, ssc-mir-24-1, ssc-mir-7-2, ssc-mir-6782, ssc-mir-9841, ssc-mir-10390, ssc-mir-425, ssc-mir-29b-2,
ssc-mir-503, and MIR335 differed from those reported by previous studies'>>*°!.

Interferons are a key factor of cellular immune response in protecting pigs from ASF. The secretion of IFNy
by lymphocytes correlates with the degree of protection of animals immunized with low-virulent isolates from
infection by a homologous virulent strain®>*>->%, There was the same condition in the present study. The [FNy
gene showed significant differential expression only 7 days post-infection.

It has already been shown that the African Swine Fever virus induces STAT1 and STAT2 degradation to
counteract IFN-I signaling®. The upregulation of STAT1 and STAT2 genes in the present study may confirm
the mentioned mechanism.

The day after challenge shows only a limited gene expression signature between recovered and non-recovered
animals, while the gene expression differences 7 days post-infection mainly indicate expected differences between
recovering animals and those succumbing to ASE. Also, it has already showed the numbers of CD4+ CD8-, CD3+
CD8-, and CD4+ CD8- cells were elevated in the immunized pigs 18 and 19 days after immunization compared
to the shams (control group)®. With this hindsight, it would have been desirable to have samples from earlier
time points before, and as, the animals began to show clinical signs (2, 3 and 4 days post-infection), rather than
once the animals had developed acute disease.

Conclusion

The current study could present a few promising transcriptomic and one potential genomic biomarker to dis-
tinguish differential susceptibility in response to ASFV challenge and also vaccination outcomes with some
overlapping. These preliminary results need to be tested in more trials, with more sampling points after the
challenge. It would also be important to test these differences in outbred farm pigs.

Data availability
Raw RNA-Seq reads are publicly available on the EBI ArrayExpress depository (https://www.ebi.ac.uk/biost
udies/arrayexpress/) with accession number E-MTAB-12608.
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