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Pathological lesions and presence of viral
antigens in four surviving pigs in African
swine fever outbreak farms in Vietnam
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ABSTRACT. Investigation of the role of animals that have recovered and survived from African
swine fever (ASF) in carrying the ASF virus is currently intense and ongoing. However, no clear
definition of the carrier stage has been established. The aim of the present study was to establish
criteria to elucidate a clear status of survival in naturally ASF-infected domestic pigs in Vietnam.
Seroconversion from previous infection was confirmed by serological assay, and the absence of
the viral genome in various organs was also assured by molecular analysis of a partial p72 gene.
We recognized that histopathological evidence could benefit from further insights into the status
J. Vet. Med. Sci. and role of the surviving animals; therefore, we performed a histopathological study on four pigs
83(11): 1653-1660, 2021 from farms with a history of ASF outbreak. We found fibrotic changes in the reparative process

as the main finding in all four pigs. Immunohistochemical detection of viral protein revealed an
interesting result. Despite the negative result from viral genome detection, the p30 protein gave
a positive signal in the tonsils, lung, and stomach. This raises the possibility of stress-induced viral
reactivation in long-term survivors and the risk of further outbreaks from human handling of
contaminated carcasses.
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African swine fever (ASF) is currently considered an important transboundary disease in the global swine population. The
etiologic pathogen of ASF is African swine fever virus (ASFV), a large double-stranded DNA virus member of the Asfaviridae
family, genus Asfivirus [1]. This virus produces a lethally contagious hemorrhagic disease and is listed in the World Organization
for Animal Health (OIE) Terrestrial Animal Health Code and must be reported at once when detected.

As stated in the OIE terrestrial manual 2019 [28], the polymerase chain reaction (PCR) is currently the most sensitive technique
and can detect ASFV DNA at a very early stage of infection and several weeks after infection in recovered pigs. However, anti-
ASFV antibodies can persist for several months or even years and no commercial vaccine against ASFV is yet available, Therefore,
the detection of an immune response by enzyme-linked immunosorbent assay (ELISA) can help confirming a previous infection in
animals, especially the suspected cases in endemic areas such as Vietnam where there is still a latent circulation of ASFV [24, 27].
For these reasons, the resulting synergism of PCR and ELISA is considered a crucial diagnostic technique for identifying recovered
and asymptomatically surviving animals.

The appearance of survivors and convalescent cases highlights the importance of these animals becoming disease carriers after
recovery from the disease [18, 19]. Many experimental and epidemiological studies have attempted to determine the longest
duration and amount of persisting virus in tissue samples, as well as the transmissibility of virus from pigs that survive ASF
infection [21]. For example, Nurmoja et al. [17] demonstrated that surviving animals were unable to enter a carrier state by
commingling three sentinel wild boars with an animal that had recovered from infection with a highly virulent ASFV for 50-96
days post inoculation. All samples from the sentinels and the survivor were negative for the viral genome. No transmission from
survivors to commingled sentinel domestic pigs has consistently been reported in a study of ASF long-term carrier status [20],
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despite detection of the viral genome in infected pigs for at least 90 days. These studies showed that the surviving animals may not
be able to transmit the virus through direct contact. However, the presence of persisting virus in some tissues could possibly be the
source of prolonged disease spreading.

Past studies of ASF surviving case were unable to include the importance of histopathological evidence into their scope of
studies. Therefore, the aim of the present study was to evaluate the microscopic lesions in various organs in pigs that naturally have
survived from ASF infection and to verify the possibility that viral antigen may persist in some tissues even in the absence of the
viral genome. The overall goal was to enhance the understanding of the status and role of the surviving animals in ASF disease.

MATERIALS AND METHODS

Animal selection and sample collection

Pig farms with reports of ASF outbreak in August 2019 and from July to September 2020 were included in this study. According
to the plans and countermeasures in Vietnam for the emergency prevention and control of ASF and the guidance on measures to
prevent and combat ASF issued by the Ministry of Agriculture and Rural Development [7, 16], healthy animals in non-infected
housing whose blood sample tested negative to ASFV by quantitative real-time PCR (qPCR) were isolated and closely monitored
by veterinarian authorities. Thereafter, a single pig from each farm was selected as a surviving animal. The criteria for animal
selection were as follows: 1) the animal showed no notable clinical signs, such as cutaneous hemorrhage or high fever (>40.0°C) at
90 days or later after the ASF outbreak on the farm, 2) a serum sample showed seroconversion detected by a commercial blocking
ELISA (INgezim PPA COMPAC, Ingenasa, Madrid, Spain) according to the manufacturer’s protocol, but a blood sample was
negative according to qPCR, 3) a serum sample collected again one week after the first screening showed retained seroconversion
by ELISA, 4) qPCR testing of blood, oropharyngeal fluid, and feces collected prior to euthanasia and multiple organ tissues from
necropsy showed negative reactions. Ultimately, fifteen farms from three provinces were eligible for case screening. Pigs from 10
of the 15 farms passed the first and second criteria for selection; however, the owners had to consent to euthanasia, so only four
pigs were finalized as our surviving animals. Information on the selected animals is shown in Table 1. Multiple tissue samples from
various organs were fixed in 10% buffered formalin and routinely processed for histopathological examination.

Quantitative real-time PCR (qPCR)

ASFV DNA extraction was performed from the blood, secretion/excretion samples, and 10% suspensions of homogenized
tissues with a nucleic acid extraction kit (DNeasy Blood & Tissue Kit, Qiagen, Hilden, Germany). The gPCR reactions were
conducted in duplicate in two independent assays, as described by King et al. [13] and Tignon et al. [23]. Tagman® probes and
primers were used for detection of 250 bp [13] and 159 bp [23] of the C-terminal end of the ASFV p72 gene. The analyzed tissue
samples in all pigs were tongue, brain, lung, heart, liver, gall bladder, kidney, urinary bladder, uterus, stomach, small intestine, large
intestine, bone marrow, tonsil, spleen, and lymph nodes including the retropharyngeal, submandibular, gastrohepatic, mesenteric,
inguinal, pulmonary, splenic (except pig no. 1 and pig no. 4), renal (except pig no. 2 and pig no. 4), and hepatic lymph nodes
(except pig no. 1 and pig no. 2).

Histopathology and immunohistochemistry (IHC) examination

Formalin-fixed, paraffin-embedded tissue samples were consecutively sectioned at a thinness of 3—4 um. Multiple areas from the
lung, heart, liver, kidney, urinary bladder, stomach, small intestine, large intestine (except pig no. 1), uterus (except pig no. 4), brain,
spleen, lymph nodes, and tonsils (except pig no. 1) were examined for all surviving animals. The tongue from pig no. 1 and the
ureter and spinal cord tissue from pig no. 2 were also evaluated. Slides were stained using a routine hematoxylin-eosin (HE) protocol
for histopathological examination. The IHC staining procedure for ASFV antigen detection followed the protocol of Izzati et al. [12].
The rabbit polyclonal ASFV phosphoprotein p30 antibody (Alpha Diagnostic International, San Antonio, TX, USA) was used as the
primary antibody. Spleen and lung sections from a pig with confirmed ASFV infection by previous IHC and qPCR [12] were used
as positive controls. Purified rabbit serum (negative control rabbit, ready-to-use; Dako Cytomation, Santa Clara, CA, USA) was
used as a negative isotype control. Tissue sections from various tissues of a pig in ASFV-free farm collected in our previous study

Table 1. Information of selected animals from criteria as surviving pigs

e e Test at day of screening Test at day of sacrifice
. . . Period after
Case no. Age Province  (Standing pig outbreak® ELISA qPCR? ELISA qPCR¢
population) Result Ctvalue Result % blockingd Result Ctvalue Result
1 31 weeks  Hung Yen 1,000 4 months + nd® - 100.85 + nd -
2 25 weeks  Ha Nam 500 3.5 months + nd - 102.45 + nd -
3 20 weeks  Ha Nam 800 3 months + nd - 100.43 + nd -
4 21 weeks  Hung Yen 500 3 months + nd - 101.36 + nd -

2Approximate period from report of outbreak until study. *Quantitative real-time PCR detection of African swine fever from blood sample. *Quantitative real-
time PCR detection of African swine fever from blood sample, oropharyngeal fluid, feces, and multiple organs tissue. 4% blocking was calculated according to
the manufacturer’s instruction. °nd: not detected.
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[12] were used as a negative antigen control. Double IHC staining for the ASFV phosphoprotein p30-Iba 1 (FUJIFILM Wako Pure
Chemical Corp., Richmond, VA, USA), -vimentin (Dako, Tokyo, Japan), -AE1/AE3 pancytokeratin (Dako) were conducted on the
selected stomach section of one examined pig. The procedure followed the protocol of Van Diep et al. [25]. The first reaction stained
with ASFV phosphoprotein p30 was visualized using 3,3’-diaminobenzidine (Sigma-Aldrich, St. Louis, MO, USA) chromogen. The
second reaction either stained with Iba 1, Vimentin, and AE1/AE3 was visualized by the product of 4-Chloro-1-naphthol (Tokyo
Chemical Industry, Tokyo, Japan).

Ethical approval

Animals in this study were euthanized humanely by anesthetic method using pentobarbital sodium prior to electrocution method.
The authors confirm the strict adherence to the ethical policies of the journal, as noted on the journal’s author guidelines and the
appropriate ethical review committee approval has been received. The Animal Ethics Committees in Vietnam National University
of Agriculture (VNUA-2020-01) approved this study procedure.

RESULTS

Macroscopic findings

The typical macroscopic findings of ASF, which are hemorrhagic lesions in multiple organs were not detected in any examined
pigs. There were no significant changes on spleen and the tonsils of all pigs. Mild congestion was noted on the lymph node of
pig no. 1. Fibrous adhesion was seen on the hearts of pig no. 1 and no. 3. Lung of pig no. 1 showed mild irregularly distributed
multiple red areas and multiple pinpoint black foci. Pig no. 2 and no. 3 had multifocal to coalescing small white foci on the lung
surface. Multifocal white foci were noted only in the liver of pig no. 2.

Detection of viral gene by gPCR

The qPCR results for the blood sample, oropharyngeal fluid, feces, and multiple organ tissues of all pigs collected on the day of
necropsy were all negative for ASFV.

Histopathological and immunohistochemical (IHC) examination
The histopathological examination revealed lesions on the lymphoid organs and predominant changes in the examined pigs
(Table 2). The result of IHC examination is tabulated in Table 3. No remarkable lesions were found in the spleen and tonsils
(Fig. 1a). Only one animal had a small focal apoptosis in the center of the white pulp of the spleen. Neutrophil infiltration was
rarely seen in the lymphoid organ parenchyma. However, viral antigen was detected in the tonsils but not in the spleen. Most of
the positive cells in the tonsils were mononuclear cells that appeared in apposition to the tonsillar crypt (Fig. 1b). Conversely,
the lymph nodes of all animals showed marked fibrosis in the sinuses, especially in the subcapsular area without viral antigen
presentation (Fig. 2). Mild to moderate degrees of sinus erythrocytosis were seen in pig no. 1 and no. 4. Noticeable numbers of
eosinophils were generally observed in the lymph nodes of all four pigs, whereas neutrophilic infiltration was seen only in pig no. 4.
The lung showed lesions with scarce viral antigen. The common lesion seen in all four pigs was a thickening of the alveolar
septum by fibrous tissue. Some mononuclear inflammatory cells were simultaneously observed in lung parenchyma in two pigs (no.
1 and no. 2), indicating an interstitial pneumonia condition. Bronchus-associated lymphoid tissue hyperplasia was also encountered
in these two pigs (Fig. 3). Focal alveolar septal collapse and edematous interlobular septa were noted in pig no. 1. IHC revealed

Table 2. Histopathological lesions of lymphoid organs and predominant changes in the pigs
survived from the African swine fever outbreak in Vietnam

Organ Histopathological findings No.1 No.2 No.3 No.4
Spleen Focal apoptosis - - - +
Inflammatory cell infiltration + - - +
Focal congestion - - + -
Tonsil Lymphoid atrophy ns - - -
Lymph node  Subcapsular fibrosis +++ ++ ++ ++
Inflammatory cell infiltration - + - ++
Lung Edema + - - +
Fibrosis ++ ++ + +++
Hemorrhage - - - ++
Focal alveolar septum collapse + - - -
Inflammatory cell infiltration ++ ++ - -
Bronchus-associated lymphoid tissue hyperplasia + + - -
Heart Pericardial fibrosis +++ - ++ +++
Inflammatory cell infiltration + - - ++

-: no lesion; +: mild; ++: moderate; +++: severe; ns: no sample [12].
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Table 3. Semi-quantitative examination of African swine fever virus
antigen by immunohistochemistry study in surviving pigs in Vietnam

Surviving pigs
Organ
Caseno.1 Caseno.2 Caseno.3 Caseno.4
Spleen 0 0 0 0
Tonsil ns + ++ +++
Lymph node 0 0 0 0
Liver 0 0 0 0
Lung + + + +
Brain 0 0 0 0
Heart 0 0 0 0
Stomach ++ +++ 0 +++
Large intestine ns 0 0 0
Kidney 0 0 0 0
Urinary bladder 0 0 0 0

Number of positive staining in labelled cells counted in 3 fields under x400
magnifications (light microscope, field number 18); 0: no positive cells; +: 1-10
positive cells; ++: 11-20 positive cells; +++: 21-30 positive cells; ++++: 31-40
positive cells; +++++: >41 positive cells; ns: no sample [12].

Fig. 1. Hematoxylin & eosin and immunohistochemical stain- Fig. 2. Hematoxylin & eosin and immunohistochemical staining
ing for African swine fever phosphoprotein p30 in tonsils. for African swine fever phosphoprotein p30 in lymph nodes.
The inset show African swine fever virus-positive cell. No Marked fibrosis predominantly presented in the sinuses, espe-
remarkable changes were noticed in the tonsils of case no. cially in the subcapsular area of case no. 2 (a). Antigen-labeled
4 (a). Positive staining of mononuclear cells was detected in cell was not present in the lesion of case no. 2 (b).

apposition to the tonsillar crypt in case no. 4 (b).

only limited numbers of macrophages were labeled in all four pigs (Fig. 3b and 3d).

In the heart where ASFV protein were not detected, the epicardium (visceral pericardium) was thickened by distinct fibrous
tissue in three pigs. However, two pigs (no. 1 and no. 4) had mixing of macrophages, lymphocytes and neutrophils infiltrated into
the fibrous tissue, indicating a fibrinous visceral pericarditis condition. No inflammatory cells were detected in the neovascularized

fibrous tissue in pig no. 3.
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Fig. 3. Hematoxylin & eosin and immunohistochemical staining for African swine fever phosphoprotein p30 in lungs. The inset show African
swine fever virus-positive cell. Bronchus-associated lymphoid tissue hyperplasia appeared in case no. 2 (a) with positive cells (b). Thickened
alveolar septum due to fibrous tissue was apparent in case no. 3 (¢) with presentation of viral antigen-labeled cells in the alveoli (d).

In other tissues and organs, none of the four pigs developed any pronounced lesions. However, three pigs showed incidental
pathological changes, namely a small amount of lymphocyte infiltration into the gastric mucosa of pig no. 1 and into the renal
parenchyma of pig no. 4, and severe portal bridging fibrosis with overwhelming eosinophil infiltration of pig no. 2. Those other
organ tissues did not show positive reactions in any cell type, except for the amorphous cells of the gastric gland in the stomachs of
three pigs (Fig. 4a). Nevertheless, the double IHC staining of stomach from pig no. 4 revealed that the ASFV antigen-labeled cells
were neither Iba 1- (Fig. 4b), vimentin- (Fig. 4c), nor AE1/AE3-expressing cells (Fig. 4d). Tissue sections of unaffected pig from
ASFV-free farm showed no significant pathological changes and no signal of viral antigen nor non-specific staining.

DISCUSSION

The role of surviving or subclinically infected animals in maintaining and transmitting ASFV in domestic pigs has been a
controversial issue since the revelation of a reservoir status in ASF-resistant wild African suids and the presence of a small portion
of seropositive pigs (0.9-1.3%) in abattoirs [4, 21]. Studies on pig-to-pig transmission have focused on blood, nasal secretions, and
rectal excretions since these samples are a great resource of circulating ASFV [6, 8]. In our study, the examined pigs that survived
the outbreak for up to 90 to 120 days showed negative results for gPCR of blood samples, oropharyngeal fluids, and feces. This
implied the absence of viremia and no capacity for viral transmission by these surviving pigs.

[zzati et al. [12] reported that hemorrhages in multiple organs are the main lesions of acute and subacute ASF outbreaks in
Vietnam. As expected, a histopathological study of the surviving pigs in the same/nearby provinces investigated in this study
revealed a healing process of those organs. The predominant lesions detected by microscopy indicated mild to moderate degrees
of fibrosis in several organs, including subcapsular fibrosis in the lymph nodes, lung parenchyma, and epicardium. A fibrotic lesion
is considered to represent a reparative process following severe hemorrhage and edema in those organs [14]. Although clinical
signs or gross lesions related to ASF infection was not presented, the duplication of independent seropositive result provided the
evidence of these pigs previously being exposed to ASFV. This could imply that the infectious stage was over and these animals
had survived from the disease.

Fibrinous visceral pericarditis and pneumonia have occasionally been reported in the chronic form of ASF that is related to
secondary infection in immunocompromised animals [22]. In the present study, highly pathogenic-porcine reproductive and
respiratory syndrome virus, classical swine fever virus, salmonellosis, and swine erysipelas were ruled out by PCR and reverse
transcription-PCR (data not shown); however, other opportunistic pathogens might have disrupted the reparative processes in the
heart and the lung.
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Fig. 4. Immunohistochemical (IHC) staining for African swine fever (ASF) phosphoprotein p30 (a) and double IHC staining for ASF phos-
phoprotein p30 as the brown color with Iba-1 (b), vimentin (¢), and AE1/AE3 (d) as the purplish grey color in stomach of case no. 4. The
inset show African swine fever virus-positive cell. A positive reaction occurred in amorphous cells in the gastric glands (a). No double
stained cells were observed (b—d).

In the lung, the numbers of positive cells in affected lungs were generally lower in surviving pigs than in the diseased pigs
[12]. In fact, these cells were extremely rare and resembled alveolar or interstitial macrophages, not the pulmonary intravascular
macrophages (PIMs) common in ASFV-infected lungs [12]. This might suggest that ASFV particles were not circulating in the
bodies of these pigs, a possibility that is supported by the absence of viremia evident by qPCR of the blood samples. In addition,
the study of cytokine expression in ASF revealed that the pulmonary lesions coincided with the high numbers of non-infected and
infected PIMs releasing interleukin-1 alpha and tumor necrosis factor-alpha. On the contrary, the role of alveolar macrophages in
pathogenesis in the lung is thought to be insignificant [5, 22]. Together with the possibility of secondary infection, this makes the
relation between the remaining positive cells and pulmonary lesions debatable. However, since neutrophils were not detected in any
lung samples, bacterial infection may not have much attribution to the lesions.

In the stomach, the viral antigen found in some cells in the gastric gland of the surviving pigs was higher than in the diseased
pigs. Non monocyte-macrophage (m-M@) cells, such as fibroblasts, reticular cells, and smooth muscle cells, were discovered to
harbor immature and mature viral particles during the middle and final phases of acute ASF [3, 10, 11]. The double IHC results
in this study convinced that these viral antigen-labeled cells in stomach are neither macrophage, mesenchymal, nor epithelial cell.
Therefore, the cell type of the positive cells in the stomach of the surviving pigs remains obscure. However, the numbers of such
cells were unrelated to the lesion in stomach both in the diseased pigs and surviving pigs. This supports the hypothesis of the role
of ASFV-labeled cell in the stomach may insignificantly contribute to the pathogenesis of ASF [11].

The fact that IHC detected a positive signal for the p30 protein while qPCR could not detect the existence of the partial p72
viral genome raises questions about the latency status of ASFV. We confirmed the result by performing qPCR in duplicate in two
independent assays validated by the OIE [28]. As discussed by Tignon et al. [23], the assay has a detection limit between 5.7 and
57 ASFV genomes per reaction. Hence, a reasonable postulation is that the scarcity of viral content in these surviving animals led
to the negative test results.

The qPCR results indicated that the p72-encoding gene (B646L), as an indicator of viral replication at late time points post-
infection, had not yet been expressed in these animals [15]. Meanwhile, p30, an early protein involved in internalization of the
virus into the cell, was labeled by IHC [2, 9]. Taken together, our data suggest that surviving pigs might possess an ability to
repress the typical ASFV replication pathway. However, since conventional PCR did not detect the p30-encoding gene (CP204L),
which was probably due to very low viral copies (data not shown), further investigation is required using other assays that can
confirm gene expression at the level of individual cells to determine the stage of infection of intracellular ASFV. Ballester et al.
[3] successfully detected intranuclear ASFV DNA in m-M@ cells and infection in several cell types by in situ hybridization.
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Nevertheless, the use of the digoxigenin-labeled oligonucleotide probe that is complementary to the gene sequence encoding p30
was impractical in their study. Therefore, more efficient probes specific for CP204L are needed to ascertain the possibility of a
latent period of ASFV persistence in long-term surviving animals.

The present study has raised awareness of the residual ASFV in the tonsils, lungs and stomach of qPCR-negative seroconverted
pigs. However, further analyzes of the infectivity of ASFV in surviving animal must be pursued. In addition, the risk of
retransmission from these pigs must be taken into serious consideration, since corticosteroid-induced reactivation of ASFV was
observed in surviving pigs up to six months after infection [26]. Finally, contamination from the ASFV-presented organs through
human activities also possess the possibility of further outbreaks especially in offal meat consumption countries.
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