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Abstract

Background: African swine fever virus (ASFV) poses a significant threat to the global pig industry
due to its high mortality rates and complex genetic variation. Live attenuated vaccines (LAVs) have
shown promise in providing protection against ASFV. In our previous study, MGF505-2R was
identified as a potent inhibitor of innate immunity in vitro. This study evaluates the pathogenesis and
virulence of a recombinant Eurasian genotype II strain with the MGF505-2R gene deleted (ASFV-
AMGF505-2R) in piglets. Methods: Twelve clinically healthy five-week-old crossbred pigs were
divided into two groups and inoculated with either ASFV-AMGF505-2R (n=8) or ASFV CN/GS 2018
(n=4). Clinical symptoms, viral loads, and immune responses were monitored over 30 days. Results:
ASFV-AMGF505-2R-inoculated piglets exhibited transient fever and significantly lower viremia
compared to those inoculated with parental ASFV CN/GS 2018 strain. Histopathological analysis
revealed no major tissue damage in the ASFV-AMGF505-2R group. ELISA analysis indicated higher
levels of IFN-f3 and IL-1§3, further verifying the immunosuppressive role of MGF505-2R. All ASFV-
AMGF505-2R-inoculated piglets developed high titers of ASFV-specific P30 antibodies. Conclusions:
These findings suggest that deletion of the MGF505-2R gene attenuates ASFV and enhances the host
immune response, supporting the potential of ASFV-AMGF505-2R as a live attenuated vaccine
candidate.

Keywords: African swine fever virus; MGF505-2R; live attenuated vaccine; pathogenicity; immune
response

1. Introduction

African swine fever virus (ASFV) is a complex, enveloped, double-stranded DNA virus
belonging to the Asfarviridae family and is the only known DNA arbovirus, capable of being
transmitted by soft ticks of the genus Ornithodoros in certain endemic regions [1,2]. The virus
primarily infects domestic pigs and wild boars, causing a highly contagious and often fatal disease
characterized by high fever, hemorrhages, lymphoid depletion, and multi-organ failure [3]. Mortality
rates can reach up to 100% in naive populations infected with highly virulent strains, making ASF
one of the most devastating swine diseases worldwide [4].

The socioeconomic impact of ASF outbreaks extends far beyond animal health, posing a severe
threat to global food security. Since its initial identification in Kenya in 1921, ASFV has expanded
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beyond Africa, spreading into Europe, Asia, and more recently the Americas, with large-scale
outbreaks reported in countries such as China, Vietnam, India, and the Dominican Republic [1,5-7].
This transcontinental movement of ASFV highlights the key prevention and control technologies,
including strengthened biosecurity, animal movement control, and early detection.

Development of a safe and effective ASF vaccine remains a major challenge in the veterinary
field due to its large genome, sophisticated replication process, host immune evasion, genetic
variability and unknown functions of novel proteins [8-11]. Among various vaccine development
strategies towards ASF, live attenuated vaccines (LAVs)—typically generated through serial passage
in cell culture or targeted deletion of virulence-associated genes—have shown promise [12-14]. LAVs
mimic natural infection without causing severe disease, thereby stimulating both humoral and cell-
mediated immune responses. Several experimental LAVs have demonstrated partial to complete
protection against homologous and, in some cases, heterologous challenges in laboratory settings.
Field trials in endemic areas have also provided encouraging evidence of efficacy in the context of
AVAC ASF LIVE® and NAVET-ASFVAC®, two ASFV LAVs licensed and commercialized in
Vietnam, although concerns are rising regarding residual virulence, genetic stability, and potential
reversion to virulence [15,16]

In recent years, various LAV vaccine candidates have been developed by deleting single or
multiple genes, including members of the multigene family (MGF), such as MGF360 and MGF505
[17], I177L [18], 9GL and UK [19]. These vaccine candidate strains have exhibited varying levels of
protective efficacy in vivo. Our previous study identified MGF505-2R as a potent inhibitor of innate
immunity in vitro. Very recently, deletion of MGF505-2R gene activates the cGAS-STING pathway in
vitro and leads to attenuation and protection against lethal challenge in the context of ASFV strain
Arm/07/CBM/C2 (LR812933.1) [20]. However, how dose deletion of MGF505-2R affect the
pathogenicity and virulence of highly pathogenic Eurasian genotype II strain is unknown. We aim to
evaluate the pathogenicity and virulence of ASFV-AMGF505-2R in piglets and explore its potential
as a live attenuated vaccine candidate.

2. Materials and Methods

2.1 Animals

Twelve clinically healthy, five-week-old crossbred pigs weighing approximately 10 kg were
obtained from a commercial pig farm. All pigs tested negative for ASFV, classical swine fever virus
(CSEV), porcine circovirus type 2 (PCV2), pseudorabies virus (PRV), and porcine reproductive and
respiratory syndrome virus (PRRSV) antigens and antibodies. The experiments were conducted in a
Biosafety Level 3 laboratory (BSL-3) at Lanzhou Veterinary Research Institute (LVRI), Chinese
Academy of Agricultural Sciences (CAAS).

2.2 Virus and Cells

The parental virus strain, ASFV CN/GS 2018 strain, was preserved in our laboratory. The
MGF505-2R  gene deletion strain, ASFV-AMGEF505-2R, was constructed by homologous
recombination as described previously [21]. Porcine bone marrow-derived macrophages (BMDMs)
were obtained and maintained in RPMI 1640 medium containing 20% fetal bovine serum (FBS) with
1% penicillin-streptomycin (P/S) and 2 mM L-glutamine, and 10 ng/mL of recombinant porcine
granulocyte-macrophage colony-stimulating factor (GM-CSF) was added to maintain optimal
BMDMs viability and physiological state [22].

2.3 Pathogenicity Evaluation of ASFV-AMGF505-2R

Twelve piglets negative of ASFV antigen and antibody were randomly split into two groups.
Group of 8 piglets received an intramuscular (IM) injection of 102 HADs, of ASFV-AMGF505-2R,
while the other group of 4 piglets were administered with the same dose of parental ASFV CN/GS
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2018. Daily body temperature measurements were taken, and clinical manifestations were
systematically observed during the entire experimental period. Blood and fecal swabs were gathered
at every other days after inoculation [23]. Viremia and virus shedding were assessed using
quantitative PCR. At necropsy, tissue specimens including the heart, liver, spleen, lung, kidney,
submandibular lymph nodes, hepatogastric lymph nodes, and mesenteric lymph nodes were
harvested and prepared for histopathological examination.

2.4 Anesthesia Procedure

For pigs which reached the predefined human endpoint or undertook all the experiments, they
were securely restrained and injected IM with an overdose of Zoletil®50 (Virbac, China) at 16 mg per
kilogram of body weight to induce anesthesia. The depth of anesthesia was monitored every 5 to 10
minutes by assessing muscle relaxation, cessation of voluntary movement, absence of palpebral reflex,
and loss of consciousness [24]. Later, animals were humanely euthanized. All procedures involving
anesthesia and euthanasia were carried out in strict compliance with animal welfare regulations and
by following the "Standard Operating Procedures for Anesthesia and Euthanasia of Laboratory
Animals" issued by the Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural
Sciences.

2.5 Immune Response Analysis

Serum specimens were tested for the presence of p30 antibodies with an ASFV p30 blocking
ELISA kit (IDvet, France). The concentrations of IFN-3 and IL-13 were determined using
commercial ELISA Kkits.

2.6 The g-PCR assay

Genomic DNA of ASFV was isolated from BMDM s or tissue samples using the E.Z.N.A.® Tissue
DNA Kit (OMEGA, USA) following the manufacturer’s instructions. Quantitative PCR was
performed on a QuantStudio system (Applied Biosystems, USA) with the Pro taq HS premix probe
qPCR kit (ACCURATE BIOLOGY AG, China) to measure the copy numbers of ASFV P72 genes in
blood, swabs, and tissues.

2.7 Statistical analysis

Data are expressed as mean + standard error of the mean (SEM). Group comparisons were
conducted using the t-test in GraphPad Prism 5.0 (GraphPad Software Inc., La Jolla, CA, USA). A p
value below 0.05 was considered statistically significant (**, P < 0.01; ***, P < 0.001).

3. Results

3.1 Pathogenicity of ASFV-AMGF505-2R in piglets

All twelve piglets were divided randomly into two groups, with one group of 8 being IM injected
with 102 HADso of ASFV-AMGF505-2R while the other group of 4 being IM injected with same dose
of parental ASFV CN/GS 2018. ASFV CN/GS 2018-inoculated piglets exhibited high fever (over 41.0
°C) by 6-8 days post-inoculation (dpi), followed by ASF-compatible clinical manifestations, then died
within 14 dpi (Figure 1 A and B). In contrast, piglets inoculated with ASFV-AMGF505-2R showed
transient fever peaking at 6-10 dpi. One pig started to show clinical signs of disease (anorexia,
depression, and fever) and died at 22 dpi, while the remaining seven animals in the group were
clinically healthy throughout the entire experiment, except for the transient increase in body
temperature (Figure 1 A and B). Therefore, deletion of MGF505-2R led to attenuation of ASFV CN/GS
2018 strain.

The viremia and viral sheddings in fecal swabs of both groups were also verified and compared.
The ASFV CN/GS 2018 group had higher levels of viremia and more viral shedding in swabs (10¢ to

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.2290.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2025 d0i:10.20944/preprints202509.2290.v1

4 of 11

108 copies/mL) by 2 dpi, remaining the peak titers until death. However, ASFV-AMGF505-2R group
showed a slight increase in viremia at 10 dpi and declined to almost undetectable levels. Viral
shedding was observed in fecal samples, however, at a relatively low level (Figure 1 C and D).
Therefore, ASFV-AMGF505-2R is highly attenuated in piglets.

To explore whether the attenuated strain could exert antibody response, we found that ASFV-
AMGF505-2R was capable of inducing P30 antibodies even at 10 dpi. The antibody titers increased,
peaked at 20 dpi and remained at plateau levels for the rest of days. Those data rationalize the strong
immunogenicity of ASFV-AMGF505-2R (Figure 1 E).
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Figure 1. Analysis of rectal temperatures, survival rates and viral loads in parental virus-infected group and
ASFV-AMGF505-2R group. (A) Survival rates in the two groups. The animals were challenged IM with 102
HADso ASFV-AMGEF505-2R (n=8) or parental ASFV CN/GS 2018 (n=4). (B) Rectal temperatures in two groups.
Analysis of viral loads using TagMan-PCR in the (C) blood serum and (D) fecal swabs from two groups at
indicated time. (E) The kinetics of P30 antibody response in serum from two groups. The dashed line represented
the cut-off of blocking ELISA. t-tests were subjected for statistical analysis between the different groups (**, P <
0.05, ***, P < 0.001).

3.2 ASFV-AMGF505-2R induces Slight Pathological Damages in Organs

Organs were systematically examined for macroscopic and pathological changes, with a focus
on indicators such as organ swelling, discoloration, and vascular congestion [25]. Gross examination
revealed that the spleen and lung from ASFV CN/GS 2018-infected pigs displayed a markedly
enlarged size and a uniform dark red to nearly black appearance, consistent with severe splenic
congestion and infarction. Widespread areas of hemorrhagic necrosis were evident across the
parenchyma, indicating extensive tissue damage due to uncontrolled viral replication and associated
inflammatory responses. The kidney and liver also showed pronounced abnormalities, being swollen
and discolored with a dull, dark brownish-red surface, which is characteristic of renal congestion and
possible microvascular thrombosis. These macroscopic findings suggest impaired blood flow and
potential ischemic injury in renal tissues. Additionally, the submandibular, hepatogastric and
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mesenteric lymph nodes were significantly enlarged and exhibited intense reddening due to marked
vascular engorgement and inflammatory cell infiltration, further supporting systemic infection of the
virus (Figure 2 A).

In contrast, pigs from ASFV-AMGEF505-2R group exhibited considerably slight clinical and
pathological manifestations. Macroscopic evaluation of their organs revealed only moderate
enlargement and minimal discoloration, with no evidence of widespread hemorrhage or necrosis
(Figure 2 A).

Moreover, quantitative assessment of viral loads demonstrated significantly lower levels of viral
DNA in the tissues of ASFV-AMGF505-2R group when compared to the ASFV CN/GS 2018 group
(Figure 2 B). This reduction in viral replication efficiency correlates directly with the observed
attenuation in clinical symptoms and organ pathology. These findings highlight the importance of
the MGF505-2R gene in viral pathogenesis and support its potential as a target for the development
of live-attenuated vaccines against ASF.
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Figure 2. Macroscopic analysis of lesions in tissues and organs and quantification of viral loads. (A) Comparative
postmortem lesions. The images show representative organs from pigs in each group as follows: (Dheart; 2)liver;
(3spleen; ®lung; (Bkidney; (6)submandibular lymphnode; (7hepatogastric lymph node and (8)mesenteric
lymph node. (B) Virus titers in tissues from 2 groups (red, ASFV CN/GS 2018, n = 4; green, ASFV-AMGF505-2R,
n =8). A total of 20 mg of tissue samples were homogenized, vortexed, clarified, and subjected to copy number
detection (***, p <0.001).

3.3. ASFV-AMGF505-2R Group Showed Only Mild to Moderate Histological Changes
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To further characterize the extent of pathological damages, tissue samples were collected from
both groups at the end of the experiment [26]. Based on the scoring criteria outlined [27], a
comprehensive histopathological evaluation indicated that control group demonstrated severe
pathological damages. The spleen exhibited extensive hemorrhage characterized by red pulp
congestion and widespread necrosis of lymphocytes, consistent with the acute phase of ASFV
infection. The lungs revealed marked shedding of bronchial epithelial cells, disruption of the
respiratory epithelium, and the presence of serous exudates within both blood vessels and
bronchioles. Additionally, diffuse infiltration of inflammatory cells—predominantly macrophages
and neutrophils—was evident within pulmonary lobules, accompanied by alveolar wall thickening
and parenchymal destruction. Renal tissues displayed notable interstitial hemorrhage and focal areas
of tubular epithelial cell necrosis, suggestive of impaired renal function and possible toxin-mediated
or ischemic injury secondary to systemic viremia. The liver and associated lymphoid tissues also
showed significant pathological damages. Specifically, three lymph nodes demonstrated
disintegration of lymphoid nodules, loss of normal follicular architecture, and extensive lymphocyte
depletion with nuclear fragmentation and cytoplasmic eosinophilia—morphological hallmarks of
apoptosis and necrosis (Figure 3 A). These changes are indicative of systemic vascular damage and
immune system collapse, which are hallmark features of highly pathogenic ASFV infections.

In stark contrast, pigs that survived from ASFV-AMGF505-2R strain exhibited markedly reduced
clinical severity and minimal tissue damage. Histopathological analysis revealed either the absence
of detectable lesions or only mild, localized pathological changes in the spleen, kidney, lung,
submandibular lymph node, hepatogastric lymph node and mesenteric lymph node. Notably, the
structural integrity of lymphoid tissues was largely preserved, with minimal inflammatory
infiltration and no evidence of widespread necrosis (Figure 3 A).

Quantitative assessment of lesion scores demonstrated that the pathological damages in the
ASFV-AMGF505-2R is more slightly when compared to the control group (Figure 3 B). This data
strongly indicates that the deletion of the MGF505-2R gene plays a critical role in attenuating ASFV.
Collectively, these results demonstrate that the ASFV-AMGF505-2R mutant strain induces
significantly slight histopathological changes, highlighting its potential as a candidate for further
development in vaccine research.
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Figure 3. Histopathological assessment through HE staining and semi-quantitative scoring analysis of tissue
sections. (A) Representative histopathological lesions in different tissue samples of pigs in each group. Yellow
arrow indicates that the cell tissue was coagulative necrotic and acute and diffuse hemorrhages. (B) Scores of
histopathological lesions. The histopathological lesions of each pig were scored based on our self-developed

reference standard for clinical presentations of respective organs (***, p < 0.001).

3.4 Immune Response Analysis

Viral infection can trigger a robust immune response in the host. MGF505-2R was previously
identified as a potent inhibitor of innate immunity in vitro [20,21,28]. ELISA analysis revealed that
pigs inoculated with ASFV-AMGF505-2R produced significantly higher levels of IFN-f3 and IL-1f3
compared to those infected with the ASFV CN/GS 2018, suggestive of the immunosuppressive
properties of MGF505-2R in vivo (Figure 4 A and B).
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Figure 4. ASFV-AMGF505-2R inoculation induces higher type IIFN and IL-13 expression in pigs. ELISA analysis
of (A) IFN-B and (B) IL-1p levels and quantification of viral loads using TagMan-PCR in the blood serum from
experimental animals vaccinated ASFV CN/GS 2018 (red) or ASFV-AMGF505-2R (green) at indicated time. t-
tests were subjected for statistical analysis between the different time points (***, p <0.001).
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4. Discussion

4.1 Progress in Live Attenuated Vaccine Development

LAVshave emerged as a promising strategy for combating ASFV. Prior research has established
that targeted deletion of specific Multigene Family (MGF) genes can effectively attenuate ASFV and
elicit protective immunity. For example, the deletion of MGF360 and MGF505 genes has been
demonstrated to mitigate viral pathogenicity and confer protection in pigs against lethal challenge
[29-31]. Consistent with this, the deletion of the MGF505-7R gene has also been reported to attenuate
the virus and induce a protective response [32-34]. Sunwoo et al. have recently corroborated the
pivotal role of the MGF505-2R gene in modulating the cGAS-STING signaling pathway through a
series of in vitro and in vivo experiments, thereby confirming that the deletion of MGF505-2R results
in reduced viral virulence [20]. The current study gives more insights into how the ASFV-AMGF505-
2R induce high level of antibody response during infection. These findings underscore the significant
impact of the MGF505-2R gene on ASFV virulence and validate that its deletion markedly diminishes
the pathogenic potential of the virus. Collectively, our research further substantiates the potential
utility of MGF gene deletions in the development of LAVs for ASFV.

4.2 Analysis of Data from ASFV-AMGF505-2R Inoculation

Regarding the immune response, Sunwoo et al. elucidated the molecular mechanism by which
the MGF505-2R protein inhibited the cGAS-STING signaling pathway, thereby modulating the
production of IFN-{ via in vitro experimental approaches, which is consistent with our findings [20].
In our study, deletion of MGF505-2R in ASFV enhanced immune response in pigs, characterized by
elevated levels of IFN-3 and IL-1pB, further supporting the potential of ASFV-AMGF505-2R as a
inhibitor of innate immunity. These findings indicate that the deletion of the MGF505-2R gene not
only weakens the virulence of the virus but also enhances the host's immune response. This study
highlights the importance of the MGF505-2R gene in immune regulation at multiple levels and
provides a more comprehensive perspective for understanding the immune evasion mechanisms of
ASFV.

4.3 Correlation Between Antibody Levels and Survival Rates

The elevated antibody levels and high survival rate observed in the ASFV-AMGF505-2R group
indicate a positive correlation between antibody production and protection against ASFV, aligning
with prior research that demonstrates LAVs can elicit robust immune responses and protect pigs
from lethal ASFV challenge. Sunwoo et al. previously confirmed the partial protective efficacy of
ASFV-AMGF505-2R through animal experiments, achieving protection rates of up to 75%, while also
noting the limited protection and the need for further optimization [20].

Our study reinforces the evidence that targeted deletion of MGF genes can facilitate the
development of effective LAVs for ASFV. The recombinant virus lacking the MGF505-2R gene
emerges as a promising candidate for a modified live vaccine. This investigation underscores that the
recombinant virus significantly attenuates virulence in animals and induces a potent immune
response, thereby providing a theoretical foundation for the commercialization of modified live
vaccines. However, current LAV research faces certain limitations, including incomplete protection
and potential risks of virulence reversion. Future endeavors should focus on exploring additional
virulence factors, refining vaccine design, enhancing protective efficacy, and ensuring vaccine safety.

5. Conclusions

The deletion of the MGF505-2R gene in ASFV significantly reduces its virulence and enhances
the host immune response in piglets. The recombinant virus ASFV-AMGF505-2R shows promise as
a live attenuated vaccine candidate. Future studies should focus on further characterizing the
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immune mechanisms involved and evaluating the long-term efficacy and safety of ASFV-AMGF505-
2R in larger cohorts and under field conditions.
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The following abbreviations are used in this manuscript:

ASFV African swine fever virus
LAVs Live attenuated vaccines
MGF multigene family

dpi days post-inoculation
IFN-B Interferon beta

ISGs interferon-stimulated genes
IL-1B Interleukin 13

ELISA Enzyme Linked Immunosorbent Assay
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