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African swine fever (ASF) is a devastating disease of swine and the most important

disease for the pork industry. Since the outbreaks in 2007 in the Caucasian region, it

has been spreading to the West and East quite swiftly. In this study we have analyzed

the clinical signs and pathological features of the first outbreaks on ASF in Vietnam

in 2019, caused by an isolate with 100% similarity to the genotype II (p72) isolates

from Georgia in 2007 and China in 2018. The disease onset with a peracute to

acute clinical course with high mortality. Some animals showed very unspecific clinical

signs with other showing severe hyperthermia, respiratory distress, diarrhea, or vomit.

Hemorrhagic splenomegaly and lymphadenitis were the main lesions observed at post

mortem examination, with histopathological changes confirming the lymphoid depletion

and multiorganic hemorrhages. Monocyte-macrophages were identified by means of

immunohistochemical methods as the main target cell for the ASF virus in tissue sections.

Keywords: African swine fever, virus, pathology, pig, porcine

BACKGROUND

African swine fever (ASF) is a devastating hemorrhagic infectious disease that constitutes nowadays
the major threat for the pork industry worldwide. ASF was first detected in East Africa in the
early 1900s (1) and spread to Europe and South America in the 1950s and 1960s (2–7), where
it was eradicated after many years and substantial effort (8–10). After the appearance of ASF in
the Caucasian region in 2007 (11), it has been spreading quickly to neighboring countries (12–14)
and beyond, making its first appearance in China in 2018 (15–18) and other Asian countries
very quickly in 2019, including Vietnam (19–21). ASF is produced by the infection of ASF virus
(ASFV), affecting domestic and wild suids (Sus scrofa) of all breeds and ages (22–26). The disease
is characterized by hemorrhages and immunosuppression (27–34) leading to a high morbidity and
mortality often up to 90–100% in naïve animals (23, 35).

The clinical and pathological manifestations of ASF are varied depending on the virulence of
the ASFV strain, the route of exposure and the health status of the animals. The manifestation
of the disease may evolve from the initial features after the invasion to an ASF free-region to the
observations when the disease is established for longer time in a territory. Also, as Classical Swine
Fever (CSF) and highly pathogenic Porcine Reproductive and Respiratory Syndrome (hpPRRS) are
prevalent in Vietnam, it is important to clearly identify the clinical and pathological findings of ASF
cases in Vietnam for differential diagnosis. In this study, we describe the clinical and pathological
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presentation of the first two pig farms confirmed with ASFV
infection in Vietnam at the beginning of 2019, before the disease
spread to all provinces of the country in just a few months’
time (19).

CASE PRESENTATION

Clinical Case #1
A breeding sow from a farm with 21 sows in Hung Yen city
(Hung Yen province) suddenly stopped eating and displayed high
temperature and disseminated cyanosis on the 29th of December
2018 (day #1). The animal was found dead on the 1st January
2019 (day #3) after a rapid non-specific clinical course. On day
#5, another sow onset with the same clinical signs and was culled
at day #9. The third and fourth sows followed a similar clinical
course and were found dead or culled 4 days after the onset of
the anorexia and hyperthermia. At day #22, two groups of piglets
(23 animals of 4–8 weeks of age and 49 animals of 3–20 days of
age) started showing lethargy and reduced appetite, following a
very quick clinical course with anorexia, severe hyperthermia and
death from 3 days after the onset of the clinical signs (day #25).
Fatality rate was 100% among affected animals. At day #35, ASF
was confirmed by the official laboratory and all remaining live
pigs were culled.

Clinical Case #2
Two farms in the Dong Do commune, Hung Ha district
(Thái Binh province) started with clinical signs in
January/February 2019.

Farm “A,” with 20 sows, 50 fattening pigs, 50 growing, and
50 piglets started with a sow showing anorexia and vomiting for
3 days before dying. One week after the death of the first sow,
4 fattening pigs were found dead after a short clinical course
with vomiting as the main sign. Post-mortem examinations were
carried out and ASFV infection was suspected. Farm “B,” with
30 sows and 30 piglets started showing anorexia on the 6th of
February 2019. One sow was found dead after just 1 day with
no other clinical sign. Five days after the onset, three piglets
displayed hyperthermia, anorexia, and diarrhea. Post-mortem
examination was carried out and ASFV infection was suspected.
Mortality rate was 100% of sows and 90% of piglets.

DESCRIPTION OF LABORATORY
INVESTIGATIONS AND DIAGNOSTIC
TESTS

Some found dead or culled animals were subjected to a post-
mortem examination to rule out possible infectious diseases. In
the clinical case #1, samples were taken for the official veterinary
diagnostic laboratory at day #35, when ASFV infection was
confirmed. No post-mortem examination was carried out and
gross pathology was not recorded for this case. In clinical case
#2, ASFV infection was suspected very quickly and a thorough
post-mortem examination was carried out in the initial cases of
both farms. For histopathological analyses, samples were fixed
by immersion in 10% buffered formalin and routinely processed

for paraffin embedding. Five micron sections were cut and
routinely stained with hematoxylin and eosin (H&E) for light
microscopy examination. For immunohistochemical detection of
ASFV antigen in tissue sections, viral protein p72 of ASFV was
performed as previously described (32). Specific antibody was
replaced by PBS or an IgG isotype control in negative control
sections. For ASFV PCR and sequencing, blood and organ
samples were submitted to the Vietnam National University of
Agriculture for ASF diagnosis. Samples were homogenized and
viral DNA was extracted (14). For molecular detection of ASFV
nucleic acid, both conventional PCR a using specific primers
as recommended by the Office International des Epizooties and
qPCR were performed as described in a previous report (19).
p72 and p54 gene sequences of ASFV were aligned using BioEdit
v7.2 (Ibis Biosciences) with ClustalW (clustal.org) and calculated
sequence identity MEGA7 software was used with the neighbor-
joining method to analyse the phylogenetic information with
1,000 replicates.

The first affected farm showed quite unspecific clinical
signs in the affected female breeders, including anorexia
and moderate hyperthermia. Very few skin lesions were
observed, such as cyanosis, with no presence of hemorrhages.
Affected piglets showed similar unspecific clinical signs, with
a quick course (peracute) and high mortality. The animals
from clinical case #2 also displayed unspecific clinical signs
with some animals showing gastrointestinal signs such as
diarrhea and vomiting. At post-mortem examination of case
2, hyperemic or hemorrhagic splenomegaly was consistently
found in affected animals, characterized by an enlarged spleen
with intense dark color (Figure 1A). Lung showed areas of
consolidation in different lobes, mostly in the cranial and medial
lobes and multifocal hemorrhages (Figure 1B). Lymph nodes
also showed hemorrhagic lymphadenitis, mostly affecting the
renal, gastrohepatic (Figure 1C) and mesenteric (Figure 1D)
lymph nodes. Multiple hemorrhages were found in different
organs, including the kidneys (Figure 1E), gastrointestinal,
and respiratory tracts or externally on the skin (Figure 1F).
Histopathological lesions were found in multiple organs. Skin
hemorrhages were observed in several animals.

Hemorrhages and lymphoid depletion was a common
finding in different lymphoid organs as spleen, lymph nodes
(Figures 2A,B), and tonsils from affected animals. Lymphoid
depletion was particularly prominent in the splenic follicle
within the white pulp (Figure 2C) or lymphoid follicles present
in renal, gastrohepatic and mesenteric lymph nodes (Figure 2B)
or tonsils (Figure 2D). The kidney showed extravasated red
blood cells (hemorrhaging) in between the renal tubules
within the cortex and mild to moderate lymphoplasmacytic
inflammatory infiltrates (Figure 2E). Hemorrhages and
periportal inflammatory infiltrates were observed in the liver,
infiltrates composed of mainly macrophages and lymphocytes
but also occasional plasma cells. Segmental transmural
hemorrhages were observed in the small and large intestine.
Lung showed moderate to severe multifocal hemorrhaging,
alveolar and interstitial oedema and congestion, and multifocal
severe catarrhal bronchopneumonia consistent with secondary
bacterial infections. Viral antigen (p72) was found in multiple
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FIGURE 1 | Gross pathology of ASFV infected pigs in Vietnam, 2019. (A) Hemorrhagic splenomegaly (arrow) can be observed at the abdominal cavity inspection. (B)

Multiple areas of lung consolidation in cranial lobes (arrows) and multifocal hemorrhages. (C) Hemorrhagic lymphadenitis in the gastrohepatic lymph node (arrow). (D)

Haemorrhagic lymphadenitis in the mesenteric lymph nodes (arrows). (E) Multiple severe petechial hemorrhages in the renal cortex. (F) Multifocal hemorrhages on the

skin (arrows) of the head and neck.

tissues and organs by immunohistochemistry. The main positive
cell population was the monocyte-macrophage, with intense
presence of positive immunoreaction in the cell debris associated
to infection (Figure 2F). All affected animals showed qPCR
positive results in blood, serum and the submitted organs,
including, spleen, liver, lung, lymph nodes, tonsils, and kidney.
Very low ct values were found in body fluids and tissues
(Table 1). The genotype was determined by p54 and p72 gene
characterization as previously described (36, 37). In the present
study, the gene sequences of p72 and p54 of ASFV strains of
VNUA/HY-ASF1 (accession no. MK554698 and MK554697) and
VNUA/TB- ASF1 (accession no. MN793050 and MN793051)
were deposited on GenBank. Phylogenetic trees revealed that
the isolated strains from these two clinical cases belonged to the
p72 and p54 genotype II (Figure 3) and were identical to ASFV
strains isolates from China in 2018 and other genotype II isolates
from Europe (Georgia/2007/1).

DISCUSSION

Pig population in Vietnam is about 30 million and about 49%
of them are raised in small pig-raising farms and backyard
household farming units. Pork accounts for three-quarters
of total meat consumption in Vietnam where most of its
farm-raised pigs are consumed domestically. ASF was first
detected in Vietnam in February 2019 I Hung Yen province
(19), just 5 months after it was reported for the first time
in China in 2018 (18, 21, 38). By October 2019, the ASF
has spread to all 63/63 provinces in Vietnam killing over 5
million pigs. The first reported ASF outbreak was detected in
a small family farm and the onset of the disease was very
unspecific. Once the mortality rate reached 50%, post mortem
examinations and samples were sent to the official laboratory
for diagnosis and confirmation of ASFV infection (19). Small
pig-raising farms and households in Vietnam have low to no
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FIGURE 2 | Histopathological changes in ASFV infected pigs in Vietnam, 2019. (A) Lymph node: Severe hemorrhages within the lymph node medulla and lymphoid

depletion in the follicles (*). H&E stain, 10X. (B) Lymph node: Severe hemorrhages within the lymph node medulla and lymphoid depletion in the follicles and

parafollicular lymphoid tissue (*). H&E stain, 20X. (C) Spleen: Marked lymphoid depletion with the presence of pyknosis, karyorrhexis, and nuclear chromatin

condensation within the splenic follicles (*) of the white pulp. H&E stain, 40X. (D) Tonsil: Lymphoid depletion, hyperaemia, and hemorrhages in the tonsil. (E) Kidney:

Marked diffuse hemorrhaging within the renal cortex characterized by numerous extravasated red blood cells among renal tubuli. H&E stain, 40X. (F) Spleen:

Immunohistochemical detection of ASFV p72 in abundant macrophages within the splenic red pulp (arrowheads). IHC stain (ABC technique), 40X.

biosecurity measures to prevent the disease, and many pig-
raising households still use leftovers from cooking to feed their
pigs. In many municipalities, pig farmers have not been able
to properly dispose of infected animals and many pig farmers
have culled their pigs themselves and dumped the carcasses into
local rivers and bushes along the roadside further spreading
the disease.

This may explain why ASF outbreaks were reported
very quickly on household farms and rapidly spreading
throughout the country in a short time. The pathway for
disease transmission is very diverse, including ASF-infected
fomites/vehicles, contaminated feed and/or pork products. A
characteristic clinical manifestation in both cases described here
was that the first signs of disease occurred in the sows. The reason
why the outbreak started in the sows was unclear, but it might be
related to differences in host susceptibility or to the entry site of
the virus in the farms.

The clinical course of the disease recorded from the first
ASF cases in Vietnam can be classified as peracute or acute,
due to the lack of specific clinical signs and lesions in some
of the animals. However, some animals showed the typical
hemorrhagic splenomegaly at post-mortem, pointing out to a
possible case of acute ASF, similar to previous reports (14,
39). Moreover, in this study other typical lesions associated
to acute ASF were also identified during the post-mortem
examination, including the hemorrhagic lymphadenitis, mostly
affecting the renal, gastrohepatic and mesenteric lymph nodes
(31), hemorrhages in the skin (40), lung (29), and gastrointestinal
tract (41).

The presence of other diseases such as Classical Swine
Fever (CSF) and highly pathogenic Porcine Reproductive
and Respiratory Syndrome (hpPRRS) in the area makes the
differential diagnosis more difficult as these diseases may have
some similarities in the clinical course as well as the lesions at
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FIGURE 3 | Phylogenetic analysis of major structural proteins p54 (A) and p72 (B) of African swine fever virus isolated from case studies #1 and #2

(VNAU/HY-ASF1/Vietnam/2019; VNAU/HY-ASF2/Vietnam/2019; VNAU/TB-ASF1/Vietnam/2019) and reference isolates including recent ones from China/2018 (1).

TABLE 1 | Distribution of ASFV by qPCR (19) in different body fluids, organs, and

tissues from the first 2 infected pigs detected in Vietnam, 2019.

Sample qPCR-ct value Mean qPCR-ct value

Pig #1 Pig #2

Whole blood 19.2 15.56 17.38

Urine 31.43 25.89 28.66

Spleen 15.29 11.88 13.585

Kidney 22.86 17.11 19.985

Lung 20.28 14.56 17.42

Liver 18.86 14.48 16.67

Submandibular lymph node 16.91 13.61 15.26

Inguinal lymph node 18.8 16.57 17.685

Mesenteric lymph node 19.54 15.86 17.7

post-mortem examination, with hemorrhagic lymphadenitis as a
common lesion observed in the three diseases (42–44).

The histopathological lesions observed in the present study
confirmed the severe immunosuppression during the typical
acute ASFV infection (32). The lymphoid organs, including the
spleen (31, 32), lymph nodes (31, 45), and tonsils (30) showed
severe lymphoid depletion due to apoptosis of lymphocytes (32,
42, 46).

Multiorganic hemorrhages were also identified as in
the acute clinical courses of ASF, including the typical
petechial hemorrhages in the kidney (47) and multiple
organs including the small and large intestines and the
liver. Immunohistochemistry demonstrated to be a valuable tool

to study the presence of the virus in different tissues and organs,
mostly affecting monocyte/macrophages, the most important
target cell of ASFV (48). The viruses isolated from the affected
farms were identified genotype II from the similarity of the p72
and p54 genes. The similarity of the other genes has not been
investigated. We suggest that the pathogenicity of the first isolate
in Vietnam was similar to other ASF virus isolates prevalent in
Europe or Asian countries from the clinical and pathological
manifestation (49–51).

In conclusion, the first cases of ASF in Vietnam in 2019
were produced by a virus very similar to the one circulating in
neighboring China and induced a clinical course from peracute
to acute, with some difficulties to be identified at the early
stages of the outbreak, but showing common signs and lesions
of acute ASF in some of the animals, leading to the diagnosis
of the disease and the confirmation in the official laboratory by
molecular techniques.
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