
RESEARCH Open Access

Pathogenicity of an African swine fever
virus strain isolated in Vietnam and
alternative diagnostic specimens for early
detection of viral infection
Hu Suk Lee1†, Vuong Nghia Bui2†, Duy Tung Dao2, Ngoc Anh Bui2, Thanh Duy Le2, Minh Anh Kieu2,
Quang Huy Nguyen1,2, Long Hoang Tran2, Jae-Hee Roh3, Kyoung-Min So3, Tai-Young Hur3 and Sang-Ik Oh3*

Abstract

Background: African swine fever (ASF), caused by the ASF virus (ASFV), was first reported in Vietnam in 2019 and
spread rapidly thereafter. Better insights into ASFV characteristics and early detection by surveillance could help
control its spread. However, the pathogenicity and methods for early detection of ASFV isolates from Vietnam have
not been established. Therefore, we investigated the pathogenicity of ASFV and explored alternative sampling
methods for early detection.

Results: Ten pigs were intramuscularly inoculated with an ASFV strain from Vietnam (titer, 103.5 HAD50/mL), and
their temperature, clinical signs, and virus excretion patterns were recorded. In addition, herd and environmental
samples were collected daily. The pigs died 5–8 days-post-inoculation (dpi), and the incubation period was 3.7 ± 0.5
dpi. ASFV genome was first detected in the blood (2.2 ± 0.8) and then in rectal (3.1 ± 0.7), nasal (3.2 ± 0.4), and oral
(3.6 ± 0.7 dpi) swab samples. ASFV was detected in oral fluid samples collected using a chewed rope from 3 dpi.
The liver showed the highest viral loads, and ear tissue also exhibited high viral loads among 11 tissues obtained
from dead pigs. Overall, ASFV from Vietnam was classified as peracute to acute form. The rope-based oral fluid
collection method could be useful for early ASFV detection and allows successful ASF surveillance in large pig
farms. Furthermore, ear tissue samples might be a simple alternative specimen for diagnosing ASF infection in dead
pigs.

Conclusions: Our data provide valuable insights into the characteristics of a typical ASFV strain isolated in Vietnam
and suggest an alternative, non-invasive specimen collection strategy for early detection.

Keywords: African swine fever, Vietnam, Pathogenicity, Incubation period, Clinical signs, Virus excretion pattern,
Alternative diagnostic specimen
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Background
African swine fever (ASF) is a highly contagious
hemorrhagic viral disease that affects domestic and wild
pigs in all age groups, causing substantial economic and
production losses [1]. ASF has been included in the list
of notifiable diseases by the World Organization for Ani-
mal Health (OIE) [1]. ASF is caused by ASF virus
(ASFV), a double-stranded DNA virus of the family
Asfaviridae and the genus Asfivirus and having a diam-
eter of 175–215 nm [2]. The virus contains 151–167
genes in its 170–192 kbp long genome [2, 3], and a total
of 24 genotypes have been identified worldwide [4, 5].
The virulence of different ASFV isolates in the same

host may vary, and the ASF outbreaks in Asia have been
caused by highly virulent strains [6]. These highly viru-
lent ASFV strains caused mortality in 90–100 % of cases.
A previous study reported that the Chinese ASFV iso-
lates are highly lethal to domestic pigs even at low doses
of the virus and that the clinical signs start showing very
early period during the course of infection [6]. A recent
study revealed that a 10-nucleotide insertion (5′-GGAA
TATATA-3′) was detected in all Vietnamese ASFV iso-
lates, similar to that detected in the ASFV isolates from
China [7]. In Vietnam, the first ASF outbreak was de-
tected in February 2019 at a family-owned backyard
farm in Hun Yen province. The pig farm was situated
approximately 50 km south of Hanoi and about 250 km
from the China border [8]. Since then, the virus has rap-
idly spread across the country, leading to the culling of
approximately six million pigs (20 % of Vietnam’s pig
production) [9]. As of November 2020, ASF outbreaks
have been reported in more than 20 of the country’s 63
provinces [9]. Several molecular and pathological studies
on ASFV-infected pigs from ASF outbreak farms were
conducted to evaluate the characteristic lesions and
examine the genetic properties of ASFV strains from
Vietnam [10–12]. Because no virus inoculation studies
have been conducted to evaluate the virulence and
pathogenicity of ASFV isolates from Vietnam, the patho-
genicity of these strains is not fully understood. To ad-
dress these knowledge gaps, we investigated the
virulence and pathogenicity of ASFV strains from
Vietnam by experimentally challenging pigs with ASFV.
Given that there is no effective vaccine against ASFV,

the best control method for this virus is implementing
strict prevention measures and early detection of the
ASF-suspected pigs on farms. However, ASF is very diffi-
cult to differentiate from other pig diseases because clin-
ical signs and lesions observed in post-mortem
examinations are very similar [13–15]. In particular, the
well-known pig diseases such as classical swine fever
(CSF) and highly pathogenic porcine reproductive and
respiratory syndrome (PRRS), which are endemic in
Vietnam, show very similar hemorrhagic lesions in the

lymph nodes [16, 17]. The gold standard of ASFV diag-
nosis is virus isolation from organs, and its surveillance
is commonly performed using blood samples [1]. How-
ever, blood sampling and testing procedures are time-
consuming and not suitable for on-site pig farm use.
This is because the virus could be spread between farms
or within farms by the person who collects blood sam-
ples for ASF surveillance. Moreover, it is particularly not
useful for farms in less developed regions where limited
veterinary services are available. For this reason, finding
more suitable specimen types that would provide an effi-
cient and cost-effective alternative to blood/serum for
the detection of ASFV genetic material is essential.
Therefore, this study’s main objective was to evaluate

incubation time, clinical signs, viremia, and viral loads in
different samples using the time-series analysis of ASFV-
inoculated pigs. We also sought to identify a simple,
non-invasive specimen type for early detection of ASF-
suspected pigs on farms. This study’s outcomes offer
novel insights into the virulence and pathogenicity of a
typical ASFV strain from Vietnam and propose a viable,
non-invasive alternative to serum to allow early detec-
tion of ASFV.

Results
Clinical assessment
Experimentally infected pigs died within 5–8 days-post-
inoculation (dpi), as shown in Fig. 1. On average, pig
death occurred at 7.0 ± 1.2 dpi. In the ASFV infection
group, three pigs started to show high fever (> 40.5 ℃)
at 3 dpi, and their mean temperature readings were
40.9 ± 0.3 (4 dpi), 40.6 ± 0.5 (5 dpi), 41.3 ± 0.3 (6 dpi),
41.2 ± 0.6 (7 dpi), and 39.8 ± 1.8 ℃ (8 dpi) (Fig. 2). As
expected, the pigs from the negative control (NC) group
showed normal temperature during the study period.
We observed a significant effect of time (dpi) on the
mean rectal temperatures (P < 0.001) and a significant
group effect between the two experimental groups (P =
0.009). Furthermore, a significant time-by-group inter-
action was noted for the rectal temperature in the two
groups (P < 0.001). The mean temperatures for the two
groups were not statistically different until 2 dpi,
whereas the temperatures differed significantly between
the two groups (P < 0.05) from 3 to 7 dpi.
The time-course changes in clinical sign scores of the

two groups are shown in Fig. 3. Only one pig presented
behavioral changes at 1 dpi, namely, decreased activity
and mild to moderate clumsiness. However, digestive/re-
spiratory symptoms were observed in all pigs in the
ASFV infection group at 4 dpi. At 5 dpi, four pigs
(44.4 %) in the ASFV infection group reached a clinical
sign score > 10, and all were dead at 8 dpi. Cutaneous
ecchymosis on the legs and abdomen was observed in
two ASFV-infected pigs on the days preceding death (5
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and 8 dpi, respectively). By contrast, no clinical signs
were observed in the NC group. Changes in clinical sign
scores were significantly different between the two
groups (P < 0.001), and inter-group comparisons also re-
vealed a significant difference over time (P < 0.001). The
mean clinical sign scores for the two groups were signifi-
cantly (P < 0.05) different between 3 and 7 dpi. The
mean clinical sign scores were as follows: 0.2 ± 0.6 (1
dpi), 0.4 ± 0.8 (2 dpi), 2.4 ± 1.3 (3 dpi), 6.2 ± 1.5 (4 dpi),
10.0 ± 2.2 (5 dpi), 13.7 ± 0.8 (6 dpi), 12.8 ± 1.8 (7 dpi),
and 12.0 ± 5.7 scores (8 dpi). These results indicated that
the inoculated pigs first started to show clinical signs at
3.7 ± 0.5 dpi.

Detection of ASFV genome in various specimens
We calculated the mean ASFV load in various samples
in the three types of specimens, namely individual pig
samples, herd samples, and environmental samples.
In the individual pig samples, ASFV genomic DNA

was first detected in the blood at 2.2 ± 0.8 dpi (range 1–

4 dpi), and then in the rectal (3.1 ± 0.7 dpi; range 2–4
dpi), nasal (3.2 ± 0.4 dpi; range 3–4 dpi), and oral (3.6 ±
0.7 dpi; range 3–5 dpi) swab samples. The average viral
loads from samples per dpi are shown in Fig. 4a. In par-
ticular, we observed a relatively low viral load (1.1 × 102

copies/µL) in blood samples at 1 dpi in one ASFV-
infected pig, and 5.3 × 101 and 3.9 × 101 copies of viral
genomes per 1 µL were detected in the rectal swab sam-
ples of two pigs at 2 dpi. ASFV p72 gene was observed
for the first time at 3 dpi in eight nasal swabs (average:
1.7 × 102 copies/µL) and five oral swab samples (average:
2.3 × 102 copies/µL), respectively. At 8 dpi, in the last
pigs that died on the day, the average titer was the high-
est in blood samples (9.5 × 106 copies/µL), followed by
the nasal (5.5 × 105 copies/µL), oral (1.6 × 104 copies/µL),
and rectal (5.1 × 103 copies/µL) swab samples.
The viral loads in herd samples (oral fluids collected

by the rope-based method and pooled fecal samples)
from the ASFV infection group are shown in Fig. 4b.
ASFV genomic DNA was first observed in the oral fluid

Fig. 1 Pig survival rates in the ASFV infection (red line) and negative control (blue line) groups

Fig. 2 Individual rectal temperatures in pigs from the ASFV infection and negative control groups. Red and blue circles and horizontal lines
indicate individual and mean temperatures of the ASFV and negative control groups, respectively. Red and blue short lines represent the average
temperature of ASFV infection and negative control group, respectively, at each time point. * P < 0.05
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samples at 3 dpi (6.9 × 101 copies/µL); the loads re-
corded after that were as follows: 4.0. × 101 (4 dpi),
2.6 × 101 (5 dpi), 9.6 × 102 (6 dpi), 1.4 × 104 (7 dpi), and
2.5 × 103 copies/µL (8 dpi). In the pooled fecal samples,
the viral genomic DNA was detected later, at 6, 7, and 8
dpi with loads of 3.9 × 102, 7.0 × 103, and 7.4 × 103 cop-
ies/µL, respectively.
The time-course of viral loads in the three environ-

mental samples (aerosol, feed, and water) is shown in
Fig. 4c. All three types of environmental samples har-
bored ASFV p72 DNA from 6 dpi (aerosol, 8.8 × 102

copies/µL; feed, 3.7 × 102 copies/µL; water, 7.5 × 101

copies/µL). The viral loads in the feed and water
samples gradually increased over time, whereas viral
loads in the aerosol samples dramatically decreased
between 7 (1.3 × 103 copies/µL) and 8 dpi (1.6 × 101

copies/µL).
ASFV was not detected in any sample from the NC

group during the study period.

Gross pathological findings
Hemorrhagic edema of lymph nodes (mesenteric, in-
guinal, and submaxillary), splenomegaly, and enlarged
liver were observed in all 10 ASFV-infected pigs. Nine
pigs showed hemorrhagic pulmonary edema, and eight
pigs had enlarged kidneys with swelling edema. In
addition, one pig showed petechial hemorrhages in the
renal cortex. We observed the accumulation of yellowish
fluids in the pericardial cavity (hydropericardium) in
seven pigs and hemorrhagic lesions in the colon of three
ASFV-infected pigs.

Virus replication in tissues of dead pigs
All infected pigs were identified as being positive for the
presence of AFSV using qPCR in the tested organs,

namely, the liver, spleen, inguinal/mesenteric/subman-
dibular lymph nodes, tonsils, heart, lungs, kidneys, colon,
and ear tissues (Table 1). The highest mean viral gen-
ome loads were observed in the liver (1.5 × 106 copies/
µL), followed by those in the spleen (6.5 × 105 copies/µL)
and inguinal lymph node (2.9 × 105 copies/µL). By con-
trast, the lowest mean viral loads were detected in the
kidney (6.3 × 104 copies/µL), followed by those in the
heart (9.9 × 104 copies/µL) and colon (1.6 × 105 copies/
µL). Notably, qPCR revealed that ear tissue samples
from 10 dead pigs contained—on average—2.5 × 105

copies/µL of the ASFV p72 gene, a value that was higher
than that observed in the tonsil (2.2 × 104 copies/µL),
colon (1.6 × 105 copies/µL), heart (9.9 × 104 copies/µL),
and kidney samples (6.3 × 104 copies/µL). The highest
viral load (7.8 × 106 copies/µL) was recorded in the liver
tissue of the pig that died at 8 dpi, followed by the
spleen of the pig that died at 5 dpi (1.4 × 106 copies/µL).
The lowest viral load (1.1 × 103 copies/µL) was found in
the spleen tissue of another pig, which also showed the
lowest viral loads in the liver (4.2 × 104 copies/µL), kid-
ney (1.9 × 104 copies/µL), and colon tissue (2.0 × 104

copies/µL). However, the ear tissue sample from this pig
presented the highest viral load (1.2 × 106 copies/µL)
among all ear tissue samples tested.

Discussion
Given the variable pathogenicity of ASFV—ranging from
acute to chronic disease depending on the strain—the
characterization of field virus isolates is essential for
controlling and managing the ASF epidemic. The
current study aimed to obtain information about the
VNUA/HY/Vietnam ASFV strain pathogenicity and its
excretion pattern in various samples. To the best of our
knowledge, this is the first experimental viral infection

Fig. 3 Clinical scores of pigs from the ASFV (red lines) and negative control (blue lines) groups. The scores were calculated based on the protocol
published by Galindo-Cardiel et al. [18] with minor modifications (Table 2). * P < 0.05
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study to evaluate the incubation time, clinical signs,
viremia, and virus excretion patterns in pigs infected
with an ASFV isolated in Vietnam that belongs to p72
genotype II [8]. In this animal experiment, we also

investigated the potential risk factors associated with
ASFV infection of farm pigs and their environmental
samples, allowing ASFV transmission within and be-
tween pens. Moreover, we explored alternative

Fig. 4 Patterns of ASFV excretion observed in experimentally infected pigs. Mean viral copy numbers per 1 µL in (a) individual ASFV-infected pig
samples (blood, oral swab, nasal swab, and rectal swab), (b) ASFV-infected herd samples (oral fluids collected using the rope-based method and
pooled fecal samples), and (c) environmental samples of the ASFV-infected herd (aerosol, feed, and water)
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specimens to enable farmers to identify ASFV-infected
pigs early and facilitate viral surveillance.
The incubation period of ASFV, ranging between 3

and 19 days depending on the strain, inoculation dose,
route of transmission, and host characteristics [13, 19,
20], is one of the most critical epidemiological parame-
ters for evaluating ASFV pathogenicity [21]. In the
present study, the incubation period of the VNUA/HA/
Vietnam ASFV strain injected intramuscularly 1 mL of
the virus at 103.5 50 % hemadsorbing doses (103.5

HAD50/mL) was 3.7 ± 0.5 days, which was similar to the
incubation period of the Pig/HLJ/18 strain from China
(3–5 dpi) [6]. The incubation period in this study was
shorter than that noted for the Georgia 2007/1 strain
(5.6 ± 0.8 days) and Chechen Republic 2009 strain (4.4 ±
1.0 days) administered at a dose of 103 HAD50/mL [22,
23]. All infected pigs in the current study died within 5–
8 dpi (7.0 ± 1.2 days), earlier than the lethality observed
after virus inoculations with the strains from China
(8.0 ± 1.4), Georgia (8.8 ± 1.1), or the Chechen Republic
(9.2 ± 0.8 days) [22–24]. Although the incubation and
death periods, as well as clinical presentation of the
ASFV strain in this study, were compatible with those of
both peracute or acute form disease, the clinical courses
of the infected pigs and post-mortem data, including
pulmonary edema, multiorgan hemorrhages, hyperemic
splenomegaly, and hemorrhagic lymph nodes, strongly
suggested acute form of the disease. These post-mortem
findings were consistent with other field studies in farms
affected by the ASF outbreak in Vietnam [12, 18]. Over-
all, the VNUA/HA/Vietnam ASFV strain investigated in
this study caused peracute to an acute form of ASF
based on the short incubation and early death period,
clinical presentation, and various gross pathological find-
ings [1, 25].
This study indicated that the within-pen transmission

of ASFV could occur at a very early stage of infection
through various routes. The viral genomic DNA was de-
tected in blood samples at 2.2 ± 0.8 dpi. Notably, 80 % of
the pigs in the ASFV infection group excreted the virus
already by 2 dpi, indicating that the virus could spread
rapidly within pens before the clinical signs become evi-
dent. After 3.7 ± 0.5 dpi, the numbers of ASFV genome

copies dramatically increased from 4.5 × 106 copies/µL
(4 dpi) to 9.5 × 106 copies/µL (8 dpi) in blood samples.
This result was in agreement with data from previous
studies [6, 13, 21] and supported the notion that blood
acts as the most important vehicle for virus transmission
to other pens or farms. In Vietnam, clotted blood and
organs are commonly collected from slaughtered pigs
for human consumption or used as pig feed. When
blood is collected from ASFV-infected animals and is
not properly inactivated, it could facilitate ASFV trans-
mission between pens and farms. Further, ASFV gen-
omic DNA was detected at lower levels in oral, nasal,
and rectal swab samples than in the blood. Although
viral DNA was detected earlier in the rectal swabs (2
dpi) than in both oral and nasal swabs (3 dpi), the num-
bers of viral copies in rectal swab samples (4.6 × 101 cop-
ies/µL) were too low for the latter to serve as a reliable
diagnostic specimen. The copy numbers of viral genes
were higher in the oral and nasal swab samples than in
the rectal swab samples collected later in the incubation
period (4–8 dpi). These results suggested that the orona-
sal samples would be relevant specimens for the early
detection of ASFV-infected pigs, consistent with reports
for the PRRS and CSF viruses [26, 27].
The spread of ASF can only be controlled by early de-

tection, meticulous surveillance, strict biosecurity mea-
sures, and animal movement control [28, 29]. To
perform successful ASF surveillance in farms, it is neces-
sary to obtain relevant blood specimens from pigs with
suspected ASFV infection. However, the identification of
such pigs is difficult because of the short incubation
period. The appropriate surveillance might not succeed,
especially in developing countries, due to the limited
availability of veterinary services [30]. The time lag to
initiate sampling enabled ASF outbreaks to rapidly
spread across these countries.
For this reason, we tried to identify a non-invasive sur-

veillance specimen that could serve as an alternative to
blood samples for early ASFV detection. Interestingly,
the current findings suggested that ASFV could be de-
tected relatively early in oral fluid samples collected
using the rope-based method (ASFV was detected in our
samples from an ASFV-infected herd at 3 dpi),

Table 1 Replication of the African swine fever virus strain (VNUA/HY/Vietnam) in infected pigs

Viral
load

Virus titer (copy numbers of the viral p72 gene) in tissues of dead pigs (n = 10)

Liver Spleen Lymph node Tonsil Heart Lung Kidney Colon Ear tissue

Inguinal Mesenteric Submandibular

Mean
± SD

1.5 × 106 ±
2.4 × 106

6.5 × 105 ±
4.1 × 105

2.9 × 105 ±
2.8 × 105

2.9 × 105 ±
1.9 × 105

2.8 × 105 ±
1.5 × 105

2.2 × 105 ±
2.1 × 105

9.9 × 104 ±
1.6 × 105

2.9 × 105 ±
2.0 × 105

6.3 × 104 ±
7.0 × 104

1.6 × 105 ±
3.0 × 105

2.5 × 105 ±
3.3 × 105

Highest 7.8 × 106 1.4 × 106 1.1 × 106 6.5 × 105 5.2 × 105 6.8 × 105 5.6 × 105 6.4 × 105 2.6 × 105 1.0 × 106 1.2 × 106

Lowest 4.2 × 104 1.1 × 103 4.8 × 104 8.3 × 104 1.1 × 104 1.9 × 104 1.1 × 104 8.2 × 104 1.9 × 104 2.0 × 104 1.7 × 104
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consistent with the results of a previous study [31]. The
rope-based sampling technique could be useful for the
early detection of ASFV in domestic pigs at the herd
level. It is effortless and convenient for livestock farmers
in rural areas, especially in remote mountainous/areas
where animal health professionals are not immediately
available for sampling. Moreover, this alternative non-
invasive specimen would allow successful ASF surveil-
lance on large pig farms. In addition, it should be noted
that ASFV was detectable in pooled feces on the floor
from 6 dpi, implying that the virus shedding begins at
approximately the same time as the onset of death. This
finding contrasted the results of a previous study where
ASFV shedding began with fever onset [32]. Moreover,
the time at which ASFV was first detected was inconsist-
ent between rectal swabs (2–4 dpi) and pooled feces (6
dpi) samples. This discrepancy could be due to the very
low ASFV load in the pooled feces at the early time
points (e.g., the number of viral copies in the rectal swab
was only 4.6 × 101 copies/µL at 2 dpi). Nevertheless, this
result provided valuable information that the infected
feces could act as an ASFV vehicle to easily contaminate
the feed and water sources for other pigs in the same
pen.
In air samples, viral DNA was also observed at 6 dpi,

the same time point when ASFV genes appeared in the
pooled fecal samples. Transmission of ASFV via air is
not thought to play a significant role in the introduction
of the virus into pig herds [33], but several previous
studies suggested that ASFV could be transmitted by
aerosol over short distances and for very short periods
(less than 1 h) [34–36]. Our results provide evidence
supporting the previously proposed hypothesis that the
transmission of ASFV via air can occur within a closed
environment and that the amounts of virus in the aero-
sol are positively associated with their levels in feces.
The feed and water could be contaminated by ASFV
within 6 days after the herd became infected, demon-
strating that the virus might be transmitted within and
between farms via humans or feed delivery at an early
stage of infection. It is currently difficult to establish the
viral titer needed for an infection; further studies would
be needed to evaluate the minimum dose of ASFV that
could be transmitted in various scenarios.
According to the OIE report, ASFV could be diag-

nosed in necropsied pigs by sampling spleen and lymph
nodes, which usually contain the highest viral loads [1].
However, our measurements of the viral loads in dead
pigs suggested that the liver is one of the most valuable
organs in the post-mortem diagnosis of ASF. The liver
showed the highest viral loads (average: 1.5 × 106 copies/
µL) among the 11 sampled organs and tissue, and it can
be easily sampled during necropsy compared to organs
such as the lymph nodes or tonsils. Nevertheless, the

necropsy procedure and organ sampling in ASFV-
infected pigs directly on the farm field creates a possibil-
ity of virus leakage within the same herd or into the
environment. Therefore, we investigated viral loads in
ear tissue samples, which could be easily obtained using
an ear-notcher by the farmers themselves. Although the
ear tissue samples showed relatively lower viral copy
numbers (2.5 × 105 copies/µL) than the liver (1.5 × 106

copies/µL) and spleen (6.5 × 105 copies/µL), its viral load
was higher than that of the tonsil samples (2.2 × 105

copies/µL). Furthermore, the lowest viral load in the ear
tissue (1.7 × 104 copies/µL) in the cohort of 10 ASFV-
infected pigs was still higher than that in the spleen
(1.1 × 103 copies/µL), implying that the former specimen
could be useful for ASF diagnosis in dead pigs without a
necropsy. This approach has the advantage of preventing
virus leakage in farms. It is particularly useful for farms
in rural areas where veterinary services are not readily
available because only samples from the ear tissue of
dead pigs would be necessary to confirm ASFV infection
in the laboratory.

Conclusions
This study provides valuable information about an en-
dogenous ASFV strain from Vietnam, specifically about
its incubation period, clinical signs, pathogenicity, and
viral loads in different organs and tissues, as well as in
environmental samples. The virulence of the ASFV
strain examined in this study was classified as “from per-
acute to acute form” The oral and nasal routes are im-
portant for ASFV transmission within identical herds,
and oral fluid samples collected using the rope-based
method were useful for detecting ASFV. In addition, our
study found that ASFV could be detected in several en-
vironmental samples (e.g., aerosol, feed, and water) in
the limited space where the animal experiments were
conducted, implying that these samples might be poten-
tial risk factors for ASFV transmission between pigs.
The ear tissue—cut using an ear-notcher from dead
pigs—may be a simple alternative specimen for the de-
tection of ASFV. Overall, this study provides invaluable
information regarding the characteristics of ASFV in
Vietnam and provides an alternative, non-invasive sam-
pling method to facilitate early detection and effective
surveillance.

Methods
Animals
A total of 15 pigs (Yorkshire × Landrace × Duroc) aged
7–8 weeks were obtained from the same herd from a
commercial pig farm. All pigs tested negative for the five
specific pathogens: foot-and-mouth disease virus, por-
cine circovirus 2, PRRS virus, CSF virus, and ASFV. The
pigs were also carefully inspected by veterinary
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researchers before entering the laboratory facility. All
healthy pigs were introduced into the biosafety facility of
the National Institute of Veterinary Research (NIVR) in
Vietnam one week before being inoculated with the
virus. The pigs were fed a commercial diet twice daily,
and water was provided at libitum. Room temperature
and humidity at the biosafety facility were recorded
daily.

Virus strain
The virus strain used in this study was the Vietnam-
ese ASFV isolate VNUA/HY/Vietnam (GenBank ac-
cession no. MK554698), which is genetically very
close to ASFV isolates that are currently in circula-
tion in Asia. This virus strain was provided by Asso-
ciate Professor Le Van Phan, Vietnam National
University of Agriculture. The virus was propagated
in primary porcine alveolar macrophages in Dulbec-
co’s modified Eagle medium supplemented with 5 %
fetal bovine serum and stored at − 80 ℃ until use.
The VNUA/HY/Vietnam virus was quantified using
the hemadsorption (HAD) assay as described previ-
ously [37] with minor modification. Primary porcine
alveolar cells were seeded in a 96-well cell culture
plate and titrated using a 10-fold serial dilution. After
seven days of culture, the HAD50/mL was calculated
as described previously [38].

Experimental infection in animals
The animal experiments performed within the biosafety
facility at the NIVR in Vietnam followed the guidelines
approved by the Institutional Animal Care and Use
Committee at the National Institute of Animal Science
in South Korea and complied with NIVR guidelines. All
pigs were randomly divided into two groups [ASFV in-
fection group, n = 10; NC group, n = 5] and housed in
two isolated biosafety facilities (Animal biosecurity level
2 enhanced facility). A total of 10 pigs were intramuscu-
larly inoculated with ASFV at a titer of 103.5 HAD50/mL.
The remaining five pigs were treated as the mock infec-
tion group. During the experiments, the room
temperature was 27–29 °C, and the relative humidity
ranged from 65 to 70 % for both the ASFV infection and
NC groups. Clinical signs and rectal temperature were
recorded at regular daily intervals from the day of virus
inoculation. The clinical signs were scored as described
in the previous report with minor modifications [18]
(Table 2).

Collection of samples
To analyze the virus excretion patterns and identify po-
tential alternative methods for obtaining diagnostic spec-
imens, we collected three types of specimens from the
ASFV infection group: individual pig samples, herd sam-
ples, and environmental samples. First, blood and swab
(oral, nasal, and rectal) samples were collected from each

Table 2 Clinical signs used to calculate African swine fever clinical sign scores. The list was generated based on the protocol
published by Galindo-Cardiel et al. [18] with minor modifications.

Clinical signs Scores (0: normal, 1: mild, 2: moderate, and 3: severe)

Fever 0: < 39.5 °C
1: 39.5–40.5 °C
2: 40.6–41.0 °C
3: > 41.0 °C

Behavior 0: Normal
1: Decreased activity, mild to moderate clumsiness
2: Decreased external stimuli response
3: Markedly decreased or lack of external stimuli response, immobile, prostration

Skin 0: Normal
1: Body cyanotic areas (< 10%); minimal multifocal cutaneous necrosis and/or hemorrhages
2: Body cyanotic areas (11-25%); mild to moderate multifocal cutaneous necrosis and/or hemorrhages
3: Body cyanotic areas (> 25%); moderate to marked multifocal cutaneous necrosis and/or hemorrhages

Digestive system 0: Normal
1: Feces around the anus (mild diarrhea)
2: Feces covering posterior gluteus (moderate diarrhea)
3: Feces covering posterior gluteus with blood or extensive mucus (severe bloody diarrhea)

Respiratory system 0: Normal
1: Mild dyspnea (labored respiration)
2: Moderate dyspnea or cough
3: Marked dyspnea or severe labored respiration

Body condition 0: Normal, full stomach
1: Empty stomach, sunken flanks
2: Empty stomach, sunken flanks, loss of muscle mass
3: Emaciated

Total From 0 to 18 (over than three scores considered as the pigs showing clinical signs)
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pig to assess the viral DNA load by quantitative PCR
(qPCR). Second, oral fluid samples were collected using
the cotton rope chewing method, and pooled fecal sam-
ples were also obtained. A rope-based oral fluid sam-
pling was performed according to the procedure
described by Mur et al. [39] with a slight modification.
Briefly, pigs were allowed to chew the rope for 45 min,
i.e., until the rope was sufficiently wet. The wet rope was
inserted into plastic bags and compressed to recover the
oral fluid. Then, ~ 2.5 mL of the oral fluid was finally
transferred into a 15 mL tube. Third, environmental
samples (e.g., aerosol, feed, and water) from the ASFV
infection group were collected for ASFV detection. The
aerosol samples were obtained as described in our previ-
ous study [40].
Necropsy was conducted immediately after death by

designated veterinarians, and samples of 11 organs and
tissues (liver, spleen, inguinal/mesenteric/submandibular
lymph nodes, lung, tonsil, colon, heart, kidney, and ear
tissue) were collected for determining the number of
ASFV genome copies. The ear tissue sample was col-
lected by applying a stainless steel “V” pig ear-notcher (6
mm wide × 14 mm deep) at the dorsal edge of the ear.

Viral gene (p72) detection by qPCR analysis
Tubes containing swab samples in the M199 medium
were vortexed well to ensure mixing, and then swabs
were removed from the medium. All samples were ho-
mogenized and diluted in the virus transport medium at
1:10. According to the manufacturer’s instruction (Qia-
gen, Hilden, Germany), viral DNA was extracted from
200 µL of the medium, whole blood, and tissue homoge-
nates. Extracted DNA was tested for the presence of
ASFV DNA by qPCR using a VDx ASFV qPCR kit (Me-
dian Diagnostics, Chuncheon, Korea). DNA (5 µL) was
added into a tube containing 10 µL of the 2× master
mix and 5 µL of the 4× oligo mix. The tube was placed
into an IQ5 Multicolor Real-Time PCR Detection Sys-
tem (Bio-Rad Laboratories Ltd., Hercules, CA, USA),
and the reaction proceeded under the following condi-
tions: step 1, 50 °C for 2 min and 95 °C for 10 min; step
2, 40 cycles of 95 °C for 15 s and 58 °C for 60 s. Any
samples with a cycle threshold value less than 40 were
considered positive for ASFV, and the number of DNA
copies was calculated based on standard samples pro-
vided by the manufacturer.

Statistical analysis
Statistical analyses were performed using SPSS version
25.0 (IBM, Armonk, NY, USA). A linear mixed-effect
model for repeated measures was used to assess determi-
nants of the time-course of the rectal temperatures and
clinical sign scores with respect to experimental groups.
In this model, the experimental groups (ASFV infection

and NC group), rectal temperatures, and clinical sign
scores were included as fixed factors, and time (dpi) was
a random variable. The mean differences in the rectal
temperature and clinical sign scores were analyzed with
respect to the two groups and time and an additional
group-by-time interaction term. If the group × time
interaction in the mixed model was significant, we then
conducted Student’s t-tests to compare the mean values
of temperature and clinical sign score between two ex-
perimental groups at the same time point. Results with
P < 0.05 were considered significant. Data for the two
groups are presented as the mean ± standard deviation
calculated based on daily measurements in individual
pigs.

Abbreviations
ASF: African swine fever; ASFV: African swine fever virus; OIE: World
Organization for Animal Health; CSF: Classic swine fever; PRRS: Porcine
reproductive and respiratory syndrome; NIVR: National Institute of Veterinary
Research; NC: Negative control; HAD50/mL: 50 % hemadsorbing dose per mL;
dpi: Days post-inoculation; qPCR: Quantitative PCR

Acknowledgements
The authors thank the NIVR of the Ministry of Agriculture and Rural
Development of Vietnam.

Authors’ contributions
Study design and planning: SIO, HSL; animal experiments: HSL, VNB, TDD,
ANB, TDL, MAK, HQN, LHT, SIO; virological work: VNB, TDD, ANB, TDL, MAK,
HQN, LHT, HSL, SIO; data processing and analysis: HSL, SIO, VNB, TDD, ANB,
KMS, JHR, TYH; drafting manuscript: HSL, SIO; critically revising manuscript
prior to the submission: SIO. All authors read, edited, and approved the
manuscript.

Funding
This work was carried out with the support of the “Cooperative Research
Program for Agriculture Science and Technology Development (Project title:
Analysis and monitoring of clinical and epidemiological features of African
swine fever, Project No. PJ01484301)”, Rural Development Administration,
Republic of Korea.

Availability of data and materials
The dataset generated in this study is available from the first author and
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This experimental study followed the guidelines approved by the Animal
Ethics Committee of the National Institute of Animal Science in the Republic
of Korea and the rules of the NIVR in Vietnam. The study was approved by
the Institutional Animal Care and Use Committee of the National Institute of
Animal Science in the Republic of Korea (approval number: NIAS 2020 − 463).

Consent for publication
Not applicable.

Competing interests
The authors declare no potential conflict of interest.

Author details
1International Livestock Research Institute (ILRI), Hanoi, Vietnam. 2Virology
Department, National Institute of Veterinary Research, 86 Truong Chinh,
Dong Da, Hanoi, Vietnam. 3Division of Animal Disease & Health, National
Institute of Animal Science, Rural Development Administration, 55365 Wanju,
Republic of Korea.

Lee et al. Porcine Health Management            (2021) 7:36 Page 9 of 11



Received: 23 February 2021 Accepted: 21 April 2021

References
1. OIE. Technical disease card of African swine fever; 2019. https://www.oie.int/

fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Disease_ca
rds/AFRICAN_SWINE_FEVER.pdf. Accessed June 2019.

2. Dixon LK, Alonso C, Escribano J, Martins C, Revilla Y, Salas ML. Family
Asfarviridae. In: King AMQ, Adams MJ, Carstens EB, Lefkowitz EJ, editors.
Classification and nomenclature of viruses. Nine Report of the International
Committee on Taxonomy of viruses. Amsterdam: Elsevier Academic Press;
2012. pp. 153–62.

3. Galindo I, Alonso C. African swine fever virus: a review. Viruses. 2017;9:103.
doi:https://doi.org/10.3390/v9050103.

4. Achenbach JE, Gallardo C, Nieto-Pelegrín E, Rivera‐Arroyo B, Degefa‐Negi T,
Arias M, et al. Identification of a new genotype of African swine fever virus
in domestic pigs from Ethiopia. Transbound Emerg Dis. 2017;64:1393–404.
doi:https://doi.org/10.1111/tbed.12511.

5. Quembo CJ, Jori F, Vosloo W, Heath L. Genetic characterization of African
swine fever virus isolates from soft ticks at the wildlife/domestic interface in
Mozambique and identification of a novel genotype. Transbound Emerg
Dis. 2018;65:420–31. doi:https://doi.org/10.1111/tbed.12700.

6. Zhao D, Liu R, Zhang X, Li F, Wang J, Zhang J, et al. Replication and
virulence in pigs of the first African swine fever virus isolated in China.
Emerg Microbes Infect. 2019;8:438–47. doi:https://doi.org/10.1080/22221
751.2019.1590128.

7. Mai NTA, Vu XD, Nguyen TTH, Nguyen VT, Trinh TBN, Kim YJ, et al.
Molecular profile of African swine fever virus (ASFV) circulating in Vietnam
during 2019–2020 outbreaks. 2021:166:885–90. doi:https://doi.org/10.1007/
s00705-020-04963-5.

8. Van Phan Le DGJ, Yoon SW, Kwon HM, Trinh TBN, Nguyen TL, Bui TT, et al.
Outbreak of African swine fever, Vietnam. Emerg Infect Dis. 2019;25:1433.

9. FAO EMPRES. ASF situation in Asia update; 2020. https://www.fao.org/ag/a
ginfo/programmes/en/empres/ASF/situation_update.html. Accessed 05 Mar
2020.

10. Tran HTT, Dang AK, Ly DV, Vu HT, Hoang TV, Nguyen CT, et al. An
improvement of real-time PCR system based on probe modification is
required for accurate detection of African swine fever virus in clinical
samples in Vietnam. Asian-Australas J Anim Sci. 2020;33(10):1683–90.

11. Izzati UZ, Inanaga M, Hoa NT, Nueangphuet P, Myint O, Truong QL, et al.
Pathological investigation and viral antigen distribution of emerging African
swine fever in Vietnam. Transbound Emerg Dis. 2020;67. doi:https://doi.
org/10.1111/tbed.13851.

12. Nga BTT, Tran Anh Dao B, Nguyen Thi L, Osaki M, Kawashima K, Song D,
et al. Clinical and pathological study of the first outbreak cases of African
swine fever in Vietnam, 2019. Front Vet Sci. 2020;7:392. doi:https://doi.org/1
0.3389/fvets.2020.00392.

13. Gallardo C, Soler A, Nieto R, Cano C, Pelayo V, Sánchez MA, et al.
Experimental infection of domestic pigs with African swine fever virus
Lithuania 2014 genotype II field isolate. Transbound Emerg Dis. 2017;64:
300–4. doi:https://doi.org/10.1111/tbed.12346.

14. Salguero FJ, Frossard JP, Rebel JM, Stadejek T, Morgan SB, Graham SP, et al.
Host-pathogen interactions during porcine reproductive and respiratory
syndrome virus 1 infection of piglets. Virus Res. 2015;202:135–43. doi:https://
doi.org/10.1016/j.virusres.2014.12.026.

15. Morgan SB, Frossard JP, Pallares FJ, Gough J, Stadejek T, Graham SP, et al.
Pathology and virus distribution in the lung and lymphoid tissues of pigs
experimentally inoculated with three distinct type 1 PRRS virus isolates of
varying pathogenicity. Transbound Emerg Dis. 2016;63:285–95. doi:https://
doi.org/10.1111/tbed.12272.

16. Huong Giang NT, Lan NT, Nam NH, Hirai T, Yamaguchi R. Pathological
characterization of an outbreak of porcine reproductive and respiratory
syndrome in Northern Vietnam. J Comp Pathol. 2016;154:135–49. doi:
https://doi.org/10.1016/j.jcpa.2015.11.004.

17. Choe S, Le VP, Shin J, Kim JH, Kim KS, Song S, et al. Pathogenicity and
genetic characterization of Vietnamese classical swine fever virus: 2014–
2018. Pathogens. 2020;9:169. doi:https://doi.org/10.3390/pathogens9030169.

18. Galindo-Cardiel I, Ballester M, Solanes D, Nofrarías M, López-Soria S,
Argilaguet JM, et al. Standardization of pathological investigations in the
framework of experimental ASFV infections. Virus Res. 2013;173:180–90. doi:
https://doi.org/10.1016/j.virusres.2012.12.018.

19. Sánchez-Vizcaíno JM, Mur L, Gomez-Villamandos JC, Carrasco L. An update
on the epidemiology and pathology of African swine fever. J Comp Pathol.
2015;152:9–21. doi:https://doi.org/10.1016/j.jcpa.2014.09.003.

20. Pietschmann J, Guinat C, Beer M, Pronin V, Tauscher K, Petrov A, et al.
Course and transmission characteristics of oral low-dose infection of
domestic pigs and European wild boar with a Caucasian African swine fever
virus isolate. Arch Virol. 2015;160:1657–67. doi:https://doi.org/10.1007/
s00705-015-2430-2.

21. Guinat C, Reis AL, Netherton CL, Goatley L, Pfeiffer DU, Dixon L. Dynamics of
African swine fever virus shedding and excretion in domestic pigs infected
by intramuscular inoculation and contact transmission. Vet Res. 2014;45:93.
doi:https://doi.org/10.1186/s13567-014-0093-8.

22. Gabriel C, Blome S, Malogolovkin A, Parilov S, Kolbasov D, Teifke JP, et al.
Characterization of African swine fever virus Caucasus isolate in European
wild boars. Emerg Infect Dis. 2011;17:2342–5. doi:https://doi.org/10.3201/
eid1712.110430.

23. O’Donnell V, Holinka LG, Krug PW, Gladue DP, Carlson J, Sanford B, et al.
African swine fever virus Georgia 2007 with a deletion of virulence-associated
gene 9GL (B119L), when administered at low doses, leads to virus attenuation
in swine and induces an effective protection against homologous challenge. J
Virol. 2015;89:8556–66. doi:https://doi.org/10.1128/JVI.00969-15.

24. Chen W, Zhao D, He X, Liu R, Wang Z, Zhang X, et al. A seven-gene-deleted
African swine fever virus is safe and effective as a live attenuated vaccine in
pigs. Sci China Life Sci. 2020;63:623–34. doi:https://doi.org/10.1007/s11427-
020-1657-9.

25. Sánchez-Vizcaíno JM, Laddomada A, Arias ML. African swine fever virus. In:
Zimmerman JJ, Karriker LA, Ramirez A, Schwartz KJ, Stevenson GW, Zhang J,
editors. Diseases of Swine. Wiley Online Library; 2019. pp. 443–52.

26. Weesendorp E, Backer J, Stegeman A, Loeffen W. Effect of strain and
inoculation dose of classical swine fever virus on within-pen transmission.
Vet Res. 2009;40:59. doi:https://doi.org/10.1051/vetres/2009041.

27. Woonwong Y, Kedkovid R, Arunorat J, Sirisereewan C, Nedumpun T,
Poonsuk K, et al. Oral fluid samples used for PRRSV acclimatization program
and sow performance monitoring in endemic PRRS-positive farms. Trop
Anim Health Prod. 2018;50:291–98. doi:https://doi.org/10.1007/s11250-01
7-1428-z.

28. Lee HS, Thakur KK, Bui VN, Pham TL, Bui AN, Dao TD, et al. A stochastic
simulation model of African swine fever transmission in domestic pig farms
in the Red River Delta region in Vietnam. Transbound Emerg Dis. 2020. doi:
https://doi.org/10.1111/tbed.13802.

29. Gallardo C, Nurmoja I, Soler A, Delicado V, Simon A, Martin E, et al.
Evolution in Europe of African swine fever genotype II viruses from highly
to moderately virulent. Vet Microbiol. 2018;219:70–9. doi:https://doi.org/10.1
016/j.vetmic.2018.04.001.

30. Rich KM, Perry BD. The economic and poverty impacts of animal diseases in
developing countries: new roles, new demands for economics and
epidemiology. Prev Vet Med. 2011;101:133–47. doi:https://doi.org/10.1016/j.
prevetmed.2010.08.002.

31. Grau FR, Schroeder ME, Mulhern EL, McIntosh MT, Bounpheng MA.
Detection of African swine fever, classical swine fever, and foot-and-mouth
disease viruses in swine oral fluids by multiplex reverse transcription real-
time polymerase chain reaction. J Vet Diagn Invest. 2015;27:140–9. doi:
https://doi.org/10.1177/1040638715574768.

32. Davies K, Goatley LC, Guinat C, Netherton CL, Gubbins S, Dixon LK, et al.
Survival of African swine fever virus in excretions from pigs experimentally
infected with the Georgia 2007/1 isolate. Transbound Emerg Dis. 2017;64:
425–31. doi:https://doi.org/10.1111/tbed.12381.

33. Olesen AS, Belsham GJ, Bruun Rasmussen T, Lohse L, Bødker R, Halasa T,
et al. Potential routes for indirect transmission of African swine fever virus
into domestic pig herds. Transbound Emerg Dis. 2020;67:1472–84. doi:
https://doi.org/10.1111/tbed.13538.

34. Olesen AS, Lohse L, Boklund A, Halasa T, Gallardo C, Pejsak Z, et al.
Transmission of African swine fever virus from infected pigs by direct
contact and aerosol routes. Vet Microbiol. 2017;211:92–102. doi:https://doi.
org/10.1016/j.vetmic.2017.10.004.

35. de Carvalho Ferreira HC, Weesendorp E, Quak S, Stegeman JA, Loeffen WL.
Quantification of airborne African swine fever virus after experimental
infection. Vet Microbiol. 2013;165:243–51. doi:https://doi.org/10.1016/j.
vetmic.2013.03.007.

36. Wilkinson PJ, Donaldson AI. Transmission studies with African swine fever
virus: The early distribution of virus in pigs infected by airborne virus. J

Lee et al. Porcine Health Management            (2021) 7:36 Page 10 of 11

https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Disease_cards/AFRICAN_SWINE_FEVER.pdf
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Disease_cards/AFRICAN_SWINE_FEVER.pdf
https://www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_World/docs/pdf/Disease_cards/AFRICAN_SWINE_FEVER.pdf
https://doi.org/10.3390/v9050103
https://doi.org/10.1111/tbed.12511
https://doi.org/10.1111/tbed.12700
https://doi.org/10.1080/22221751.2019.1590128
https://doi.org/10.1080/22221751.2019.1590128
https://doi.org/10.1007/s00705-020-04963-5
https://doi.org/10.1007/s00705-020-04963-5
https://www.fao.org/ag/aginfo/programmes/en/empres/ASF/situation_update.html
https://www.fao.org/ag/aginfo/programmes/en/empres/ASF/situation_update.html
https://doi.org/10.1111/tbed.13851
https://doi.org/10.1111/tbed.13851
https://doi.org/10.3389/fvets.2020.00392
https://doi.org/10.3389/fvets.2020.00392
https://doi.org/10.1111/tbed.12346
https://doi.org/10.1016/j.virusres.2014.12.026
https://doi.org/10.1016/j.virusres.2014.12.026
https://doi.org/10.1111/tbed.12272
https://doi.org/10.1111/tbed.12272
https://doi.org/10.1016/j.jcpa.2015.11.004
https://doi.org/10.3390/pathogens9030169
https://doi.org/10.1016/j.virusres.2012.12.018
https://doi.org/10.1016/j.jcpa.2014.09.003
https://doi.org/10.1007/s00705-015-2430-2
https://doi.org/10.1007/s00705-015-2430-2
https://doi.org/10.1186/s13567-014-0093-8
https://doi.org/10.3201/eid1712.110430
https://doi.org/10.3201/eid1712.110430
https://doi.org/10.1128/JVI.00969-15
https://doi.org/10.1007/s11427-020-1657-9
https://doi.org/10.1007/s11427-020-1657-9
https://doi.org/10.1051/vetres/2009041
https://doi.org/10.1007/s11250-017-1428-z
https://doi.org/10.1007/s11250-017-1428-z
https://doi.org/10.1111/tbed.13802
https://doi.org/10.1016/j.vetmic.2018.04.001
https://doi.org/10.1016/j.vetmic.2018.04.001
https://doi.org/10.1016/j.prevetmed.2010.08.002
https://doi.org/10.1016/j.prevetmed.2010.08.002
https://doi.org/10.1177/1040638715574768
https://doi.org/10.1111/tbed.12381
https://doi.org/10.1111/tbed.13538
https://doi.org/10.1016/j.vetmic.2017.10.004
https://doi.org/10.1016/j.vetmic.2017.10.004
https://doi.org/10.1016/j.vetmic.2013.03.007
https://doi.org/10.1016/j.vetmic.2013.03.007


Comp Pathol. 1977;87:497–501. doi:https://doi.org/10.1016/0021-
9975(77)90038-x.

37. Malmquist WA, Hay D. Hemadsorption and cytopathic effect produced by
African swine fever virus in swine bone marrow and buffy coat cultures. Am
J Vet Res. 1960;21:104–8.

38. Reed LJ, Muench H. A simple method of estimating 50 % endpoints. Am J
Epidemiol. 1938;27:493–7. doi:https://doi.org/10.1093/oxfordjournals.aje.a11
8408.

39. Mur L, Gallardo C, Soler A, Zimmermman J, Pelayo V, Nieto R, et al. Potential
use of oral fluid samples for serological diagnosis of African swine fever. Vet
Microbiol. 2013;165:135–9. doi:https://doi.org/10.1016/j.vetmic.2012.12.034.

40. Bui VN, Nguyen TT, Nguyen-Viet H, Bui AN, McCallion KA, Lee HS, et al.
Bioaerosol sampling to detect avian influenza virus in Hanoi’s largest live
poultry market. Clin Infect Dis. 2019;68:972–5. doi:https://doi.org/10.1093/
cid/ciy583.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Lee et al. Porcine Health Management            (2021) 7:36 Page 11 of 11

https://doi.org/10.1016/0021-9975(77)90038-x
https://doi.org/10.1016/0021-9975(77)90038-x
https://doi.org/10.1093/oxfordjournals.aje.a118408
https://doi.org/10.1093/oxfordjournals.aje.a118408
https://doi.org/10.1016/j.vetmic.2012.12.034
https://doi.org/10.1093/cid/ciy583
https://doi.org/10.1093/cid/ciy583

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Clinical assessment
	Detection of ASFV genome in various specimens
	Gross pathological findings
	Virus replication in tissues of dead pigs

	Discussion
	Conclusions
	Methods
	Animals
	Virus strain
	Experimental infection in animals
	Collection of samples
	Viral gene (p72) detection by qPCR analysis
	Statistical analysis
	Abbreviations

	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

