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Abstract

Introduction: African swine fever (ASF) was officially reported in Vietnam in February 2019 and spread across the whole
country, affecting all 63 provinces and cities. Material and Methods: In this study, ASF virus (ASFV) VN/Pig/HaNam/2019
(VN/Pig/HN/19) strain was isolated in primary porcine alveolar macrophage (PAM) cells from a sample originating from
an outbreak farm in Vietnam’s Red River Delta region. The isolate was characterised using the haemadsorption (HAD) test, real-
time PCR, and sequencing. The activity of antimicrobial feed products was evaluated via a contaminated ASFV feed assay. Results:
Phylogenetic analysis of the viral p72 and EP402R genes placed VN/Pig/HN/19 in genotype Il and serogroup 8 and related it
closely to Eastern European and Chinese strains. Infectious titres of the virus propagated in primary PAMs were 106 HADso/ml.
Our study reports the activity against ASFV VN/Pig/HN/19 strain of antimicrobial Sal CURB RM E Liquid, F2 Dry and K2 Liquid.
Our feed assay findings suggest that the antimicrobial RM E Liquid has a strong effect against ASFV replication. These results
suggest that among the Sal CURB products, the antimicrobial RM E Liquid may have the most potential as a mitigant feed additive
for ASFV infection. Therefore, further studies on the use of antimicrobial Sal CURB RM E Liquid in vivo are required.
Conclusions: Our study demonstrates the threat of ASFV and emphasises the need to control and eradicate it in Vietnam by
multiple measures.
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Introduction

African swine fever (ASF) is a pernicious and
devastating disease of the world swine industry. It has
been demonstrated that ASF is caused by an enveloped
DNA virus and this virus replicates in pigs in the
cytoplasm of infected cells (6, 8). Itis a recognised DNA
arbovirus and member of the Asfarviridae family and
Asfivirus genus (6, 9, 13). Many previous studies have
reported that African swine fever virus (ASFV) infects
both domestic pigs and wild boars, and can easily be
transmitted by many vectors such as mosquitoes, ticks,
or other arthropods. ASFV is a highly contagious virus

and pigs’ exposure to it resulted in up to 100%
morbidity, the mortality of ASF having been shown to
depend on the virulence of the virus, the host, and
transmission cycles (13, 21). The first case of ASF was
reported in Kenya in 1921 (8) and it was confined to
Africa until it spread to Eurasia in the middle and to
South America and the Caribbean at the close of the last
century (8). In total, 24 genotypes and 8 serotypes of
ASFV have been identified (8, 9, 21, 24). The first
outbreak of ASF in Vietnam was officially reported in
February 2019, and the disease has now spread to 63 out
of 63 provinces/cities of Vietnam. Approximately six
million pigs have been culled on infected farms,
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suggesting the risk of spread of this virus. Many active
measures have been imposed by the Vietnamese
government to inhibit the rapid spread of ASFV. In this
study, we isolated the first ASFV in Vietham from
a spleen sample from a pig which died during an ASF
outbreak in Ha Nam province, in February 2019. The
isolate was characterised using genotyping and the
haemadsorption (HAD) test. This investigation also used
primary porcine alveolar macrophage (PAM) cell-
propagated virus to inoculate commercial swine feed
samples after combination with three different Sal
CURB-branded antimicrobial feed products at different
time points to investigate their activity against ASFV.

Recent research indicated that contaminated feeds
can be a potential vector for ASFV transmission to
domestic pigs and that it can be easily transmitted
through the natural consumption of contaminated feed
and liquid (19). As this new information confirmed feed
as a risk factor, it became imperative to find solutions to
reduce it. A recent study was conducted to evaluate
whether liquid and dry antimicrobial products
containing formaldehyde and organic acids or organic
acids only could lessen the danger of infected feed. The
study was based on previous publications indicating that
such products containing formaldehyde and organic
acids reduced the titre of Salmonella species and/or
porcine epidemic diarrhoea virus (PEDV) in feed and
pigs (3, 7, 25, 26). Additionally, other experiments
indicated that formaldehyde treatment reduced organ
infection by highly pathogenic coronavirus in turkey
poults, whereas other treatments failed to ameliorate its
negative effects (4, 5). In this study, we evaluated three
Sal CURB-branded antimicrobial feed products to
examine the survivability of ASFV in feed through
detection by haemadsorption (HAD) test and real-time
PCR. As PEDV and ASFV are both enveloped viruses,
it was hypothesised that formaldehyde treatment of
ASFV contaminated feed may induce an anti-viral
effect, prevent contamination of feed and potentially
reduce infectivity in the pig post consumption. This is
the first report on antiviral activity against the emerging
Vietnamese ASFV of liquid and dry antimicrobial
products containing formaldehyde and organic acids.

These experiments are of importance because
African swine fever is an endemic disease in the whole
of Vietnam and no vaccine, drug nor effective therapy is
available.

Material and Methods

Sample collection. The pigs from Ha Nam
province in the Red River Delta of Vietnam were
selected for the current study based on clinical signs and
post-mortem lesions. Tissues, including mesenteric
lymph nodes and spleens, were collected according to
the guidelines of the OIE (20).

Virus isolation, DNA extraction, and PCR assay.
Primary porcine alveolar macrophages (PAMSs) were
collected from 10-20-day-old SPF pigs that were

purchased from the Pig Research Centre of the National
Institute of Animal Science, Vietnam, and the cells were
maintained in 10% FBS RPMI 1640 medium (Thermo
Scientific, Waltham, MA, USA) at 37°C with 5% CO..
The homogenate of the field pig spleen sample was
virus-positive by conventional PCR using a p72U/p72D-
specific primer (data not shown) (2) and the
haemadsorption (HAD) assay recommended by the OIE
was used to inoculate PAMSs for virus isolation (20). The
cell supernatants were collected after four days’
inoculation and the HAD assay for infectious virus
particles was performed. The genomic DNA of ASFV
was extracted using the QlAamp DNA Mini Kit
(Qiagen, Hilden, Germany) from cell supernatants. For
molecular analysis, different PCRs were set up on virus
isolates: (i) the DNA of ASFV in the supernatant was
detected by the real-time PCR for the viral p72 gene
recommended by the OIE (20) and was carried out on
an AriaMx Real-Time PCR System (Agilent, Santa
Clara, CA, USA) according to the OIE-recommended
procedure described by King et al. (14); (ii) the
C-terminal region of the p72 protein was amplified using
p72-U and p72-D primers for genotype analysis (2); and
(iii) a fragment of the EP402R gene encoding the CD2v
protein was amplified using a CD2-2F/2R-specific
primer according to a protocol previously described for
serotype analysis (23). The positive amplification
control consisted of DNA known to be of ASFV, and the
negative amplification control consisted of nuclease-free
sterile water.

Sequence analysis of the ASFV isolate. The
correctly sized amplicons of the p72 and EP402R partial
gene products were electrophoresed on a 1.5% agarose
gel against a 100 bp DNA leader marker (Thermo
Scientific) and visualised by UV irradiation and
ethidium bromide staining (Sigma-Aldrich, St Louis,
MO, USA). Amplicons of the correct size were excised
from the agarose gel and purified using the QIAQuick
gel extraction kit (Qiagen) according to the
manufacturer’s specifications. The chromatograms of
the amplicons and probe binding site sequence were
analysed using the BioEdit and DNAstar programmes
(DNASTAR Inc., Madison, WI, USA). The nucleotide
identity of the ASFV strain in Vietnam was compared to
other sequences using the BLAST tool in the National
Center for Biotechnology Information (NCBI) GenBank
database and published sequence information. Multiple
sequence alignment was performed using Laser gene
software (DNASTAR Inc.). Phylogenetic analyses of
nucleotide sequences of partial p72 and EP402R genes
encoding the ASFV CD2v protein were constructed
using the neighbour-joining method with a bootstrap
value of 1,000 in the MEGAY7 programme (16).

HAD assay. The HAD assay was performed as
previously described (18). Primary PAM cells were
seeded in 96-well plates and the samples were then added to
the plates and titrated in triplicate using 10 x dilutions.
The quantity of ASFV was determined by identification
of characteristic rosette formations representing
haemadsorption of erythrocytes around infected cells,
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according to the OIE guidelines (20). HAD was
observed for four days, and 50% HAD doses (HADsp)
were calculated using the method of Reed and
Muench (22).

Experimental design of feed assay. Samples of
5 g of commercial swine feed (composition in
Supplement 1) were treated with Sal CURB RM E
Liquid, Sal CURB F2 Dry or Sal CURB K2 Liquid
(Kemin Industries, Des Moines, IA, USA; product
specifications in Supplement 2) at an application rate of
3.0 kg/tonne and then spiked with 100 pL of minimum
essential medium (MEM; Gibco, Thermo Scientific)
containing 1 x 105 HADso of ASFV. Additional 5 g feed
samples were inoculated with phosphate-buffered saline
(PBS, Sigma-Aldrich) and used as negative controls in
each sampling batch, and feed samples once again of
5 g were inoculated with 1 x 10> HADso of ASFV and
used as positive controls in 50 mL mini bioreactor tubes
(Corning Incorporated, Corning, NY, USA). Treatments
of each group or control groups were collected on days
1, 3, and 7 post inoculation. Each sample was re-
suspended in 15 mL sterile PBS and vortexed for 10 s.
The supernatant was aliquoted, centrifuged at 10,000 g
for 10 min filtered at 0.45um pore size (Bio-Rad,
Hercules, CA, USA), and subjected to the incubation
procedure prior to real-time PCR and virus isolation as
described above.

Statistical analysis: Statistical analysis was
performed using IBM SPSS software (SPSS 23.0 for
Windows; IBM, Armonk, NY, USA). A P < 0.05 value
was considered to be statistically significant.
Differences among the groups were tested by Duncan’s
multiple comparison methods.

Results

Isolation and characterisation of ASFV in vitro.
On day 4 post inoculation with the supernatant of the
spleen homogenate, primary PAMs showed clear HAD,
even in the wells inoculated with 10-fold diluted sample
(Fig. 1A). A positive sample was obtained from the real-
time PCR (Fig. 1B), and this result together with the
clear HAD confirmed that the spleen homogenate
contained infectious ASFV. The HAD assay was ASFV-
positive for the virus stock and the titre for the first
passage stock was 10° HADs¢/ml. These results
demonstrated that ASFV was successfully isolated from
the field outbreak sample. This virus isolate was
designated VN/Pig/HaNam/2019, abbreviated to
VN/Pig/HN/19.

Sequence analysis of the ASFV isolate. The
sequences obtained after amplification of the C-terminal
end of p72 suggested that the outbreak VN/Pig/HN/19
strain belongs to genotype Il and shares 100% nucleotide
identity with the Russia-isolated Krasnodar 2012 and
Irkutsk 2017 strains and the Georgia 2007/1, Estonia
2014, and China-isolated ASFV-SY-18 strains as well,
based on the p72 gene and this Chinese isolate which
caused the first ASF case in Shenyang in that country

on 3 August 2018 (Fig. 2A) (17, 27). It was recently
reported that the Estonia 2014 strain and ASFV-SY-18
strain in China have an intergenic region (IGR) | variant
with additional tandem repeat sequences in the IGR
between 173R and 1329L (15, 27). We also used the
CD2v fragment sequence for phylogenetic analysis of
the serogroup. These trees showed that the causative
strain (VN/Pig/HN/19) in this study belonged to CD2v
serogroup 8 (Fig. 2B). Particularly, the analysis of the
amino acid repeats from the VN/Pig/HN/19 strain
revealed the presence of three PPPKPC hexamers with
identical repeats and the same central interruption as
hexamers in the recent outbreaks in China and Russia
(data not shown). The results demonstrated that there is
a close relationship between these viruses, which
suggests that the VN/Pig/HN/19 strain in Vietnam
belongs to genotype I, serogroup 8, and the disease was
caused by the Eastern European or Chinese strains of
ASFV (Fig. 2). The sequences of the p72 and CD2v
genes of VN/Pig/HN/19 strain were submitted to the
GenBank database with accession numbers MN199633
and MN199634, respectively.

Effect of Sal CURB on viral DNA synthesis. The
results of the feed sampling are summarised in Fig. 3A
with the raw data provided in Fig. 3B. All samples from
the negative control groups were real-time PCR-
negative and all nine feed samples from the positive
control group were positive for the presence of ASFV
DNA by real-time PCR, with a mean Cq on day 1 (D1)
of 26.38 (range 26.03-27.03), mean Cq on D3 of 26.023
(range 25.51-26.75), and mean Cq on D7 of 27.49
(range 26.96-28.09). The results indicated that ASFV
can survive in feed seven days post inoculation. In
contrast, the mean Cq value of the feed from the
treatment group with Sal CURB RM E Liquid indicated
activity against ASFV in feed one, three, and seven days
post inoculation. The Cq value on D1 was 29.50 (range
29.39-29.55), on D3 it was 29.27 (range 28.64-29.44),
and on D7 it was 33.01 (range 31.55-34.09) (Fig. 3 and
Table 1). When analysed by t-test, the difference in the
Cq levels between the group treated with Sal CURB RM
E Liquid and the positive control group was significant
at P < 0.01 for all three days. In addition, the mean Cq
value of the feed from the group treated with Sal CURB
F2 Dry also showed activity against ASFV in feed after
D3 (significant at P < 0.05) and D7 (significant at
P <0.01). Lastly, the Sal CURB K2 Liquid only showed
activity against ASFV in the feed on D7 (significant at
P <0.05).

Effect of continuous treatment on ASFV
infection. The results of microscopic observation of
ASFV-infected cells are shown in Figs 4A and 4B. As
shown in the figures, activity was indicated on D3 and
D7. The Sal CURB RM E Liquid decreased the viral titre
from 4.83 log HADso/ml to 4.76 log HADso/ml and
4.16 log HADso/ml (P < 0.05), respectively. The Sal CURB F2
Dry reduced the viral titre of ASFV in PAM cells from
4.83 log HADso/ml to 4.57 log HADso/ml (P < 0.05) on
D7 but did not lower the titre on D3. In contrast, the Sal
CURB K2 Liquid showed no activity against ASFV
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replication when it was added at one, three or seven days groups was observed (Fig. 4). The results clearly
post inoculation. The viral titre in positive control demonstrated that Sal CURB RM E Liquid had
groups was not changed after one, three or seven days cumulative activity against VN/Pig/HN/19 infection
post inoculation and no viral titre in negative control when administered over seven days post inoculation.

VN/Pig/HN/19 (x200)
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Fig. 1. Detection of ASFV in a field sample of spleen tissue. A—HAD assay of the spleen homogenate; B — the real-time PCR amplification
of the p72 gene
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Fig. 2. Phylogenetic analysis of VN/Pig/HN/19 based on its partial p72 (A) and EP402R gene encoding the CD2v protein (B) genes. Numbers
along branches indicate bootstrap values >70% (1,000 replicates). The black triangle indicates the ASFV isolate from this study. Scale bars
indicate nucleotide substitutions per site
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A Day 1 Day 3 Day 7
Groups
Mean + SE Mean + SE Mean + SE
Positive control 26.38 + 0.46 26.02 +0.53 27.49 + 0.46
Treatment 1: CurbRM E Liquid + 1x10° HAD,, ASFV 29.5£0.08 29.27£0.45 33.01 £ 1.07
Treatment 2: CurbF2 Dry + 1x10° HAD;; ASFV 2752+ 0.94 27.68 +0.62 28.94+£0.35
Treatment 3: CurbK2 Liquid + 1x105 HAD;, ASFV 27.88+0.76 26.87+1.00 28.38 £ 0.65
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Fig. 3 (A, B). The combination of feed with the Sal CURB RM E Liquid, Sal CURB F2 Dry or Sal CURB K2 Liquid and 1x10%/mL
HADs, of VN/Pig/HN/19 strain one, three, and seven days post inoculation. Values represent mean and standard deviation results
from three independent experiments. Significant differences compared to control are denoted by * for P < 0.05 and ** for P < 0.01
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Fig. 4 (A, B). The combination of feed with the Sal CURB RM E Liquid, Sal CURB F2 Dry or Sal CURB K2 Liquid and 1x10%/mL
HADs, of VN/Pig/HN/19 strain one, three, and seven days post inoculation. Values represent mean and standard deviation results
from three independent experiments. Significant differences compared to control are denoted by * for P < 0.05 and ** for P < 0.01
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Discussion

In this study, we successfully isolated the first
ASFV from field outbreak samples in Vietnam. The
isolate, VN/Pig/HN/19, was characterised using the
HAD assay, sequencing analysis, and real-time PCR.
Our results demonstrated that, based on the p72 and
EP402R genes encoding the CD2v protein genes, the
VN/Pig/HN/19 strain isolated in Vietnam shared 100%
nucleotide identity with virus strains isolated in Georgia,
Russia, Estonia, and China such as Georgia 2007/1,
Krasnodar 2012, Irkutsk 2017, Estonia 2014, ASFV-
SY18 or China/Jilin/2018/boar (15, 17, 27). The results
indicated that the ASFV VN/Pig/HN/19 strain belongs
to genotype Il, serogroup 8, and is genetically close to
ASFV prevalent in Eastern Europe and China. It
replicated efficiently in primary PAM cells and its titre
reached 10®° HADso/ml. The VN/Pig/HN/19 strain of
ASFV is highly virulent and causes acute ASF in
domestic pigs. Since the ASF outbreak in Ha Nam,
subsequent ASF outbreaks occurred in Vietham from
February to November 2019 (outbreaks were officially
reported in 63 provinces and cities out of 63), raising
concerns that ASFV will be introduced into a total
population of 27 million pigs in Vietnam. This continued
and far-reaching spread of ASFV in Vietnam
demonstrates the threat of the disease’s emergence and
deeper spread to Southeast Asia.

Recent studies indicated that the susceptibility to
chemicals and disinfectants depends on viral
characteristics in which non-enveloped viruses are more
resistant than enveloped ones (12). Additionally, it was
demonstrated that some chemicals or extracts from
plants such as acacetin, apigenin, genkwanin, rhoifolin,
vitexin, and vitexin 2-O-rhamnoside can inhibit or
reduce ASFV-specific protein synthesis and viral
multiplication in cell culture. ASFV-infected Vero cells
continuously treated with apigenin did not display
a cytopathic effect (1, 10, 11) but there is limited
research investigating the survival of ASFV in feed after
treatment with chemicals or antimicrobials. Based on the
results of the feed assay, the liquid and dry Sal CURB-
branded antimicrobial product-treated feed showed
activity against ASFV VN/Pig/HN/19 after one, three,
and seven days post inoculation. The positive control
feed contained ASFV VN/Pig/HN/19 strain at a scarcely
changing level after one, three, or seven days post
inoculation and there was no difference in mean Cq and
viral titres. Contrastingly, Cq values and the viral titre of
ASFV VN/Pig/HN/19 strain in feed treated with Sal
CURB RM E Liquid decreased after one, three, or seven
days post inoculation and were highly reduced after
seven days post inoculation. One interpretation of this
observation in conjunction with the swine feed assay
data is that the Sal CURB RM E Liquid product had
a suppressive effect on viral load and viability, while in
its absence the quantity of ASFV remained constant and
the virus survived over time. Although it is difficult to
be definitive regarding how Sal CURB RM E Liquid

shows antimicrobial activity against ASFV infection in
feed, our results suggest that Sal CURB RM E Liquid
inhibits or reduces ASFV replication in feed. In future
studies, we should investigate whether the application of
the liquid and dry antimicrobial products may possibly
reduce the risk of the introduction of emerging and re-
emerging ASFV through swine feed. Finally, as feed
biosecurity is important for the swine industry, veterinarians,
producers, and representatives from the feed industry
will need to work together and pursue novel means to
implement such a strategy. This aspect is critical as not
all countries around the globe have regulations which
approve mitigants for use in animal feeds, and many
countries have different policies regarding treatment,
bio-security, and eradication of ASFV.

In conclusion, in this study an ASFV strain,
VN/Pig/HaNam/2019 (VN/Pig/HN/19), was isolated in
primary PAMs from a pig sample from an ASF outbreak
on a farm in Ha Nam province, Vietnam. The isolate was
characterised by the HAD test and real-time PCR.
Phylogenetic analysis of the viral p72 and EP402R gene
encoding the CD2v protein gene revealed that
VN/Pig/HN/19 belongs to genotype Il and serogroup 8.
Infectious titres of the virus propagated in primary
PAMs were as high as 10° HADso/ml. It is still not
known if a single virus crossed into Vietnam and caused
all these outbreaks or different ASFV strains are
responsible for the Vietnam outbreaks. More viruses
need to be isolated and analysed to fully understand the
spread of the disease and to develop an effective control
strategy. Our study represents an important first report
on the activity of antimicrobial Sal CURB RM E Liquid
against ASFV. Our feed assay findings suggest that this
compound has an inhibitory effect on ASFV replication.
These results indicate that the antimicrobial Sal CURB
RM E Liquid may be a potential candidate as an antiviral
feed or water mitigant for ASFV infection. Therefore,
further studies addressing the use of this antimicrobial
in vivo are required.
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