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Abstract 

African swine fever (ASF) is a devastating viral disease that affects domestic pigs (Sus scrofa domesticus) and Euro‑
pean wild boar (Sus scrofa scrofa). A previous study indicated that wild boar were more susceptible to ASF than pigs, 
with shorter incubation periods and earlier onset of the disease. This follow-up study aims to compare the patho‑
genesis and progression of the disease between the two subspecies during the early and late stages of infection 
following intranasal inoculation with the highly virulent genotype II strain ‘Armenia 2007’. Histopathological changes 
and viral antigen distribution by immunohistochemistry (IHC) were assessed over time following intranasal inocula‑
tion. Viral antigen and histological changes were detected earlier in wild boar than in pigs. In wild boar, the medial 
retropharyngeal (MRPLN) and submandibular lymph nodes were among the earliest sites of virus replication 
from 3 days post-infection (dpi), with widespread dissemination occurring by 5 dpi. In pigs, the viral antigen was first 
detected in the MRPLN at 5 dpi. At the humane endpoint, which occurred at 6 dpi in wild boar and 9 dpi in pigs, virus 
antigen and histopathological scores were lower in wild boar than in pigs, even though the appearance and increase 
of viral antigen in tissues, onset and development of lesions and humane endpoint occurred earlier in the former. The 
lower severity and lesser extent of lesions in wild boar suggest lower tolerance of tissue damage prior to reaching 
the humane endpoint, demonstrating their greater susceptibility to and lower resistance against ASFV.
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Introduction
African swine fever (ASF), caused by African swine fever 
virus (ASFV), which is the sole member of the Asfarviri-
dae family [1, 2], is typically a fatal haemorrhagic disease 
that affects pigs (all Sus scrofa) and many other Sus spe-
cies [3, 4]. ASF is currently one of the biggest threats 
to the global pig industry due to its high mortality rate 
and the high resistance of the virus, which allows it to 
spread easily [5–7]. The absence of treatments or glob-
ally licensed commercial vaccines [8] also makes ASF a 
significant animal welfare problem in both domestic pigs 
(Sus scrofa domesticus), hereafter referred to as pigs, and 
wild boar (Sus scrofa scrofa.).

The ASFV strains currently circulating in European, 
Asian and Caribbean countries are derived from the 
highly virulent genotype II strains that entered Geor-
gia in 2007 from south-eastern Africa [9]. Despite the 
important role of wild boar as reservoirs and mediating 
the spread of the virus in Europe and Asia [10, 11], most 
of the data on the pathology, pathogenesis and host-
virus interactions related to ASFV infection are derived 
from pigs [12–18] and, to a lesser extent, from wild boar 
[4, 15, 19–24]. As such, the knowledge of ASF for wild 
boar generally is inferred from the pig. Experimental 
data comparing these two subspecies are limited, and 
frequently are constrained by differences in experimen-
tal design, including age of the animals, doses, route of 
inoculation, virulence of the strains used or clinicopatho-
logical parameters evaluated. In vivo studies have shown 
that wild boar might be more susceptible to infection 
with virulent genotype II strains than pigs following oro-
nasal infection [15, 18, 23]. However, these studies did 
not carry out sequential, predetermined culling of both 
pigs and wild boar at different times after infection, as 
required for accurate and rigorous comparative studies 
of pathology and pathogenesis. To date, only two studies, 
including our previous study, have used this experimental 
approach with highly virulent [25] or moderately virulent 
isolates [26], which also indicated that wild boar were 
more susceptible to ASFV than pigs.

Direct translation of the pathobiology of ASF in pigs to 
wild boar may therefore be problematic and represents a 
clear research gap. Elucidating the differences between 
pigs and wild boar regarding pathogenesis and mecha-
nisms of immune response to the ASFV is essential to 
better understand the epidemiology and dynamics of the 
disease. This knowledge subsequently is needed for the 
development of reliable challenge models for vaccines or 
therapeutic assessments in these subspecies. Routine his-
topathological evaluations, in combination with immu-
nohistochemical techniques used for the detection of 
viral antigens, can provide critical information for under-
standing disease dynamics and host-virus interactions.

Our previous study on clinical, gross pathological and 
virological findings following experimental intrana-
sal inoculation with a highly virulent genotype II strain 
(Armenia 2007) suggested that wild boar had a more 
rapid disease progression. This included a shorter incu-
bation period, earlier viremia and onset of clinical signs, 
and more rapid development of macroscopic haemor-
rhagic lesions than pigs [25]. The aim of this study is to 
further describe these differences in order to improve the 
understanding of disease mechanisms at the tissue and 
cellular level. To do this, we characterise, quantify and 
compare the histopathological changes and virus antigen 
distribution in pigs and wild boar using a standardised 
microscopic scoring protocol to describe disease progres-
sion from early stages of infection to humane endpoint.

Materials and methods
Experimental design
Details of the experimental design (animals, virus strain, 
dose and route of inoculation), the sequential predeter-
mined culling of pigs and wild boar, the clinical and mac-
roscopic evaluations performed as well as the sampling 
and quantification of viral DNA by qPCR in blood, swabs 
(rectal and nasal) and tissues have been described pre-
viously [25]. Briefly, thirty-eight animals (19 pigs aged 
10–12 weeks and 19 wild boar aged 16–18 weeks) were 
randomly allocated into four groups consisting of 8 ani-
mals each (either wild boar or pigs), which were assigned 
as the infected groups. Two further groups, consisting of 
either 3 pigs or 3 wild boar, were assigned as non-infected 
controls. Before inoculation, the animals were assigned 
to predetermined time points at which they would be 
euthanised following infection. The animals were sedated 
and then intranasally inoculated with the ASFV virulent 
isolate “Armenia 2007” (genotype II). On days 1, 2, 3, and 
5 post-infection (dpi), six animals (3 pigs and 3 wild boar) 
were sedated and euthanised each day. The remaining 
inoculated animals (4 pigs and 4 wild boar) were euthan-
ised and examined by necropsy upon reaching the pre-
determined humane endpoint. This corresponded to 6 
dpi for all remaining wild boar and 9 dpi for all remain-
ing pigs. Pig DP38 did not reach the humane endpoint 
but was euthanised with its stablemates to prevent single 
housing. The control animals (n = 6) were euthanised at 
the conclusion of the experiment (12 dpi). Necropsy was 
performed on all animals, and macroscopic lesions were 
assessed following a standardised scoring system [27].

Histopathological and immunohistochemical evaluations
During necropsies, an extensive suite of tissue sam-
ples from each animal was collected, fixed for 7  days 
in 10% buffered formalin solution, routinely processed, 
and embedded in paraffin blocks. To follow disease 
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progression, organs from different systems and their 
regional lymph nodes (LNs) were grouped according 
to their location as follows: (a) Oronasal tract (nasal 
mucosa, palatine and pharyngeal tonsils, retropharyn-
geal and submandibular LN); (b) Lower respiratory 
tract (trachea, right cranial and caudal lung lobes, tra-
cheobronchial LN); (c) Hepatobiliary tract (liver, gall-
bladder, gastrohepatic LN); (d) Intestinal tract (distal 
ileum, ileocaecal valve, colon, ileocaecal LN); (e) Uri-
nary tract (kidney, urinary bladder, renal LN); (f ) Other 
lymphoid organs (spleen, thymus, bone marrow) and 
g) Integument (skin). Serial tissue sections obtained 
from paraffin blocks were stained with haematoxylin 
and eosin (HE) and also used for immunohistochemi-
cal detection of ASFV antigen using a monoclonal 
antibody against p30/CP204L virus protein (kindly pro-
vided by Dr Linda Dixon, The Pirbright Institute, Pir-
bright, UK) following previously described protocols 
[27]. The sections were evaluated microscopically by 
a veterinary pathologist who was blinded to sample 
identity and group assignment, using previously docu-
mented histopathological and immunohistochemi-
cal scoring systems [27]. In brief, histopathological 
changes and the presence of cells immunolabelled for 
viral antigen were evaluated in different components 
of each organ, based on pathological evaluation crite-
ria combined with a semi-quantitative scoring system: 
(0) no histopathologic changes/no presence of immu-
nolabelled cells; (1) minimal histopathologic changes/
occasional presence of immunolabelled cells; (2) mild 
histopathologic changes/mild presence of immuno-
labelled cells; (3) moderate histopathologic changes/
moderate presence of immunolabelled cells; (4) severe 
histopathologic changes/abundant presence of immu-
nolabelled cells. Morphological features including cell 
size, as well as anatomical location were the criteria 
applied to tentatively identify the types of cells that 
were immunolabelled.

Statistical analysis
Statistical analyses and data visualisation were performed 
with GraphPad Prism version 9 (GraphPad Software La 
Jolla, CA, USA). The differences in total scores between 
the experimental groups with respect to histopathologi-
cal changes and cells immunolabelled for viral antigen, as 
well as the differences between the experimental groups 
in the various organs evaluated, were tested for statistical 
significance using an unpaired t-test.

Results
Trends in the evolution of virus antigen 
and histopathologic lesion scores over time
Immunohistochemical evaluations detected cells immu-
nolabelled against ASF-p30 antigen as early as 3 dpi in 
wild boar tissues (Figure  1A), whereas in pigs, the viral 
antigen was not detected until 5 dpi (Figure  1A). Wild 
boar showed higher virus antigen scores than pigs at 5 
dpi (Figure  1B). At the clinical endpoint, virus antigen 
scores were higher in pigs compared to wild boar, but not 
statistically significant (Figure 1B; p = 0.37). A single pig 
DP38 was euthanised at 9 dpi to avoid single housing fol-
lowing euthanasia of its three pen mates that had reached 
humane endpoint. No immunolabelled cells or signifi-
cant histopathologic alterations were observed in any of 
the organs in pig DP38.

Histopathological lesion scores of inoculated pigs and 
wild boar were virtually the same from 1 to 3 dpi, show-
ing a variety of mild and non-specific findings simi-
lar to those observed in control animals (Figure  1C). 
These consisted mainly of interstitial and alveolar 
oedema in the lungs, together with mild hyperaemia 
and occasional small haemorrhages observed in the 
medulla of the lymph nodes (gastrohepatic, tracheo-
bronchial, medial retropharyngeal and renal), which in 
the absence of viral antigen, could be attributed to the 
euthanasia procedure. At 5 dpi, wild boar exhibited a 
slightly higher, albeit non-significant, histopathological 

(See figure on next page.)
Figure 1  Trends in the evolution of virus antigen and histopathologic change scores in wild boar (Sus scrofa scrofa) and domestic 
pigs (Sus scrofa domesticus) intranasally inoculated with African Swine Fever Virus genotype II “Armenia 2007” strain. Virus antigen (A) 
and histopathologic changes (C) were scored and documented per individual. A semiquantitative assessment of cells immunolabelled for viral 
antigen (protein p30/CP204L) and histopathological changes severity was performed in different histological structures of the organs, which 
were evaluated as follows: (0) no presence of immunolabelled cells/no histopathologic changes; (1) occasional presence of immunolabelled 
cells/minimal histopathologic changes; (2) mild presence of immunolabelled cells/mild histopathologic changes; (3) moderate presence 
of immunolabelled cells/moderate histopathologic changes; (4) abundant presence of immunolabelled cells/severe histopathologic changes. 
Each multicoloured bar represents the cumulative score observed in the different organs of the examined animals and the Immunolabelled 
cell/histopathologic scores for each organ are represented within the bars as different colours. Immunolabelled cell/histopathologic scores are 
shown on the y-axis and individual animals evaluated in each experimental group and euthanised on different dates after infection are shown 
on the x-axis. Uninfected animals (CT) euthanised on 12 dpi are also shown. (B, D) Mean ± SD of the cumulative virus antigen/histopathologic 
change scores (y-axis) in each group of pigs or wild boar euthanised on different days after infection (x-axis). Uninfected animals (CT) euthanised 
on 12 dpi are also shown (x-axis). Statistical analysis was performed using an unpaired t-test. No significant differences were observed.
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score compared to pigs (Figure  1D) and pathological 
changes were associated with the presence of viral anti-
gen in wild boar. Only the groups of animals that were 
euthanised at the humane endpoint showed a marked 
increase in histopathological scores compared to the 
uninfected control groups. Scores were substantially 

higher, but not significantly (Figure 1d; p = 0.16) in pigs 
(euthanised at 9 dpi) compared to wild boar (euthan-
ised at 6 dpi). In summary, the number of organs with 
histopathological lesions and the severity of these 
lesions increased as the experiment progressed. Lesions 
became apparent following viral replication and coin-
cided with antigen detection.
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Figure 1  (See legend on previous page.)
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Dynamics of viral antigen distribution and appearance 
of histopathological lesions
The dynamics of the virus antigen and the histopatho-
logic change scores in each of the organs evaluated are 
plotted over time in Figures 2 and 3. The total scores for 
immunolabelled cells and histopathological lesions are 
presented for each individual (Additional file 1).

Early stage of infection (1–5 dpi)
The medial retropharyngeal lymph node (MRPLN), 
located in the oronasal tract, was the first organ in which 
cells immunolabelled against ASFV-specific antigen were 
detected. This occurred at 3 dpi in all three wild boar 
and 5 dpi for the three pigs (Figure  2). Immunolabelled 
cells morphologically consistent with macrophages were 
mainly observed in the medullary area, but in wild boar 
WB51, these cells were also observed in the interfol-
licular areas and occasionally within lymphoid follicles 
(Figure 4A). Additionally at 3 dpi, wild boar WB51 also 
exhibited immunolabelling in the submandibular lymph 
node, with virus antigen detected in macrophages within 
the medullary and interfollicular areas. In comparison, 
none of the pigs euthanised at 3 dpi showed any immu-
nolabelled cells anywhere (Figure 4A).

At 5 dpi, in addition to the MRPLN in all three wild 
boar, viral antigen was detected in the other organs of 
the oronasal tract (Figure  2). Wild boar WB53 showed 
immunolabelled macrophages in the medullary and 
interfollicular areas of the submandibular LN (Figure 4B), 
immunolabelled intravascular monocytes i.e. -large 
in size with abundant cytoplasm and an indented or 
bean-shaped nucleus—in the palatine tonsil, occasional 
immunolabelled macrophages in the lamina propria of 
the pharyngeal tonsil as well as intravascular immunola-
belled monocytes and macrophages infiltrating the lam-
ina propria of the nasal mucosa (Figure 4C, black arrows). 
However, the MRPLN was the only organ in the oronasal 
tract that showed immunolabelled cells in the three pigs 
euthanised at 5 dpi (Figures 2 and 4B). The bone marrow 
was the only other location, and only in pig DP35, where 
some immunolabelled cells (myeloid cells) were observed 
in pigs culled at 5 dpi. The same immunostaining pat-
tern was also observed in the bone marrow of wild boar 

WB53 at 5 dpi (Figure 4C, red arrows). The bone marrow 
showed no histopathological alterations in either animal.

No conspicuous histopathological changes were 
observed in any of the evaluated organs of the oronasal 
tract until 5 dpi (Figure 3), when mild to moderate altera-
tions such as pyknotic and fragmented cell nuclei (kary-
orrhexis) were observed in medullary and interfollicular 
areas of the MRPLN of wild boar WB54 and WB55 (Fig-
ure 4D). In addition, mild karyorrhexis was observed in 
the medullary, interfollicular areas and lymphoid fol-
licles of the submandibular LN in wild boar WB53 and 
pig DP36, despite the absence of viral antigen in the lat-
ter, as well as moderate, multifocal haemorrhages in the 
medulla of pig DP34 (Figure 4D). On 5 dpi, no conspicu-
ous lesions were observed in the palatine tonsils, phar-
yngeal tonsils or nasal mucosa in either pigs or wild boar.

Viral antigen was also detected in other tissues at 5 
dpi in some wild boar, but in none of the pigs (Figure 2). 
These included the lower respiratory tract (right cra-
nial and caudal lung lobes and tracheobronchial LN), 
hepatobiliary tract (liver and gastrohepatic LN), urinary 
tract (kidney and renal LN) and other lymphoid organs 
(spleen). No viral antigen was detected in any of the other 
organs evaluated up to 5 dpi in the wild boar.

In the lung, there was a moderate amount of immu-
nolabelled interstitial macrophages (Figure  5A, black 
arrows) and some alveolar macrophages (Figure  5A, 
green arrow) in the cranial lung lobe of wild boar WB53 
and WB54. In wild boar WB53, immunolabelled cells 
morphologically consistent with type II pneumocytes 
were also occasionally observed (Figure 5A, red arrows). 
In comparison, there were fewer immunolabelled cells 
in the caudal lung lobe, and antigen was only detected 
in macrophages. Occasionally, immunolabelled mac-
rophages were also found in the interfollicular areas and 
within the lymphoid follicles in the tracheobronchial 
LN of wild boar WB53. Up to 5 dpi, both pigs and wild 
boar only showed nonspecific lung lesions similar to 
those described in the control groups, such as moder-
ate, diffuse congestion, moderate interstitial and alveolar 
oedema and mild peribronchial mononuclear infiltrates. 
Moderate to severe medullary haemorrhages observed in 
the tracheobronchial LN of pig DP26 on 1 dpi and in wild 

Figure 2  Comparative evaluation of the dynamics of virus antigen scores (mean ± SD) in each of the examined organs in wild boar (Sus 
scrofa scrofa) and domestic pigs (Sus scrofa domesticus) intranasally inoculated with African Swine Fever Virus genotype II “Armenia 2007” 
strain. Each animal is represented by a dot within its respective group: Domestic pigs (DP); Wild boar (WB). Statistical analysis was performed using 
an unpaired t-test. Black asterisks indicate statistically significant differences between the two groups of infected animals (wild boar and domestic 
pigs) euthanised on different dates; significant variables (*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001). Score of immunolabelled cells (y-axis); day-post infection 
(dpi); uninfected control groups (C); lymph node (LN); groups of infected animals euthanised at humane endpoint (T): 6 dpi for WB and 9 dpi for DP.

(See figure on next page.)
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Figure 2  (See legend on previous page.)
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boar WB48 on 2 dpi were considered to be nonspecific 
lesions or artefacts caused by tissue processing.

All three wild boar euthanised at 5 dpi showed intra-
vascular immunolabelled monocytes within the liver 
(Figure 2). These were observed mainly in the sinusoids, 
but also in the portal and central veins of WB53, in which 
immunolabelled hepatocytes (Figure  5B, red arrows) 
and Kupffer cells (Figure 5B, black arrow) also could be 
detected. In this animal, a small number of immunola-
belled macrophages were also seen in the gastrohepatic 
LN, in the medullary areas and occasionally in the inter-
follicular areas (Figure 5B). However, while no conspicu-
ous histopathological findings were observed in the livers 
up to 5 dpi, the gastrohepatic LN in wild boar WB50 
euthanised at 3 dpi showed moderate medullary haemor-
rhages (Figure 5B). Haemorrhages could also be observed 
affecting medullary and interfollicular areas in wild boar 
WB53 euthanised at 5 dpi (Figure 5B).

In the urinary tract, wild boar WB53 was the first 
animal to show occasional immunolabelled mononu-
clear interstitial infiltrates (Figure  5C) and intravascular 
monocytes in the kidney at 5 dpi. In addition, the renal 
LN of this animal showed occasional immunolabelled 
cells in the medullary and interfollicular areas (Fig-
ure 5C). However, while kidneys from wild boar and pigs 
euthanised up to 5 dpi showed no histopathological alter-
ations, severe, diffuse haemorrhages involving the med-
ullary and interfollicular areas were observed in the renal 
LN of pig DP31 at 3 dpi and in wild boar WB53 at 5 dpi 
(Figure 5C).

As for other lymphoid organs, immunolabelled mac-
rophages were detected in the spleen of the three wild 
boars euthanised at 5 dpi, but not in any of the pigs 
euthanised on the same dpi (significant differences in 
viral antigen score, p = 0.008). These macrophages were 
mainly found in the red pulp (Figure  5D), with occa-
sional viral antigen also observed in the ellipsoids. In wild 
boar, immunolabelled macrophages were also occasion-
ally detected within the lymphoid follicles of WB54 and 
WB55. The spleen of both pigs and wild boar euthanised 
up to 5 dpi showed no histopathological changes that 
differed from those observed in the spleen of control 
animals.

Humane endpoints (6 dpi for wild boar and 9 dpi for pigs)
One pig, DP38, did not reach the humane endpoint but 
was euthanised to avoid anxiety and stress associated 
with single housing. No viral antigen or histopathologi-
cal changes were observed in this animal; therefore, it is 
not included in the results below. For all other pigs and 
wild boar at the humane endpoint, viral antigen and his-
topathological lesions were widespread in many organ 
systems.

A common pattern was seen in the lymph nodes 
(medial retropharyngeal, submandibular, tracheobron-
chial, gastrohepatic, ileocaecal and renal) assessed in 
each of the organ tracts in the four boars, as well as in 
the three pigs (DP37, DP39 and DP40) that reached the 
humane endpoint. All of them showed a large number 
of macrophages immunolabelled for viral antigen. These 
were observed mainly in the medullary and interfollicular 
areas, but also occasionally within the lymphoid follicles. 
Many of these macrophages had an increased amount of 
cytoplasm containing phagocytised, immunolabelled cell 
debris (tingible bodies; regarded to represent remains 
of phagocytised apoptotic cells). In addition, immuno-
labelled intravascular monocytes, endothelial cells and 
reticular cells were occasionally observed (Figures  6C, 
7C and 8A, C). Viral antigen scores were usually higher 
in pig than in wild boar (Figure 2, Additional file 1). Mul-
tifocal and diffuse haemorrhages in the medulla and 
interfollicular areas, together with mild to focally severe 
lymphoid depletion, were the most notable histopatho-
logical lesions in these lymph nodes in both pigs and 
wild boar. This was accompanied by features of cell death 
(karyorrhexis) in the interfollicular areas and lymphoid 
follicles. The overall severity was slightly lower in wild 
boar (Figures 6C, 7C and 8A, C). Among pigs, the lesions 
were particularly severe in DP39 and DP40, while WB56 
showed the most prominent changes among wild boar.

In the pharyngeal and palatine tonsils, immunola-
belled cells could be seen in the three pigs that reached 
the humane endpoint at 9 dpi (pig DP37, DP39, and 
DP40) (Figure  2). These cells were mainly macrophages 
and occasional lymphocytes that infiltrated epithelium of 
the crypts, the diffuse lymphoid tissue surrounding the 
crypts, the interfollicular areas and the lamina propria. 

(See figure on next page.)
Figure 3  Comparative evaluation of the dynamics of histopathological change scores (mean ± SD) in each of the examined organs in 
wild boar (Sus scrofa scrofa) and domestic pigs (Sus scrofa domesticus) intranasally inoculated with African Swine Fever Virus genotype 
II “Armenia 2007” strain. Each animal is represented by a dot within its respective group: domestic pigs (DP); wild boar (WB). Statistical analysis 
was performed using an unpaired t-test. Black asterisks indicate statistically significant differences between the two groups of infected animals (wild 
boar and domestic pigs) euthanised on different dates; significant variables (*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001). Score of immunolabelled cells (y-axis); 
day-post infection (dpi); uninfected control groups (C); lymph node (LN); groups of infected animals euthanised at humane endpoint (T): 6 dpi 
for WB and 9 dpi for DP.
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Figure 3  (See legend on previous page.)
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Antigen-positive cells within the lymphoid follicles were 
scarce (Figure  6A). Pig DP40 also had immunolabelled 
epithelial cells in the epithelium of the pharyngeal ton-
sil (Figure  6A, black arrows). Wild boar euthanised at 
the humane endpoint (6 dpi) showed a similar pattern 
in both tonsils, but with lower virus antigen scores (Fig-
ure  2). Mild lymphoid depletion, together with moder-
ate amount of pyknotic cells and cell fragmentation in 
interfollicular areas and lymphoid follicles, were the most 
obvious histopathological lesions in the pharyngeal tonsil 
of pig DP37. In contrast, the palatine tonsil of pigs DP37, 
DP39 and DP40 showed severe lymphoid depletion in 
the interfollicular areas and mild lymphoid depletion in 
the lymphoid follicles, together with cell fragmentation 
(Figure  6A, HE staining, black circle) and tingible body 
macrophages. The latter were especially abundant within 
the lymphoid follicles (Figure  6A, red arrows). The epi-
thelium of the crypts also showed moderate to severe 
infiltrates of mononuclear cells displaying severe pykno-
sis and cell fragmentation (Figure 6A, HE staining, white 
circle). These lesions, although less severe, were also pre-
sent in wild boar at the humane endpoint. Like the ton-
sils, the nasal mucosa did not begin to show evidence 
of viral antigen in pigs until 9 dpi, with large numbers 
of immunolabelled macrophages mainly in the mucosa, 
submucosa (Figure  6B, red arrows) and perichondrium. 
Occasionally, immunolabelled epithelial cells could also 
be seen in the respiratory epithelium (Figure  6B, black 
arrow) along with occasional labelled endothelial cells 
(Figure 6B, green arrows). The wild boar group euthan-
ised at 6 dpi showed a scant number of immunolabelled 
macrophages in the mucosa and interfollicular areas of 
the nasal mucosa (Figure  6B, red arrows). Apart from 
mild karyorrhexis in lymphoid tissue in pig DP37, pig 
DP40 and wild boar WB57, no other specific histopatho-
logical lesions were observed in the nasal mucosa.

In the lower respiratory tract of pigs DP37, DP39 
and DP40, there was an abundance of interstitial (Fig-
ure 7A, green arrows) and intravascular (Figure 7A, black 

arrows) immunolabelled macrophages in both the cranial 
and caudal lobes, as well as fewer immunolabelled alveo-
lar macrophages (Figure 7A, red arrows) and occasional 
immunolabelled pneumocytes. Additionally, numerous 
macrophages within the bronchial-associated lymphoid 
tissue (BALT) were immunolabelled in pig DP39. All 
four wild boar showed a similar immunostaining pat-
tern, but without the presence of immunolabelled intra-
BALT macrophages. Histopathological evaluation of pigs 
revealed moderate alveolar septal thickening in the lungs, 
along with mild to moderate mononuclear cell infiltrates 
consisting mainly of macrophages and lymphocytes (Fig-
ure 7B, yellow arrows), oedema (Figure 7B, black arrows), 
cell debris (Figure  7B, white circle) and fibrin deposits 
(Figure 7B, green arrows) in the alveolar lumen. This was 
accompanied by bronchiolar oedema, sloughed epithe-
lium and mononuclear cells (bronchiolitis; Figure 7B, red 
arrows), vascular hypertrophy as well as pyknotic cells 
and karyorrhexis in the BALT. The latter finding was par-
ticularly notable in the caudal lobe. However, in wild boar 
the lesions were less severe, with only diffuse, mild con-
gestion and alveolar oedema (Figure 7B, WB59) together 
with minimal vascular endothelial hypertrophy.

In the trachea, all three pigs and two of the four wild 
boar, WB57 and WB59, that reached the humane end-
point showed immunolabelled cells. These consisted 
mainly of macrophages infiltrating the mucosa and occa-
sionally the epithelium (Figure  7C). In the trachea, no 
lesions were found throughout the experiment, neither in 
pigs nor wild boar.

In the case of pigs, viral antigen was detected in 
organs of the hepatobiliary tract only in the animals 
that reached the humane endpoint (Figure 2). Their liv-
ers displayed a large number of hepatocytes (Figure 7D, 
black arrows) and interstitial macrophages in the portal 
spaces (Figure 7D, red arrows) immunolabelled for viral 
antigen. Immunolabelled Kupffer cells (Figure 7D, green 
arrow) and intravascular monocytes (Figure  7D, blue 
arrow) were also present. In wild boar, the same type of 

Figure 4  Histopathologic changes and presence of cells immunolabelled for ASFV-specific antigen (P30). Organs taken from wild boar 
(Sus scrofa scrofa) and domestic pigs (Sus scrofa domesticus) intranasally inoculated with African Swine Fever Virus genotype II "Armenia 2007" 
strain euthanised between 1 and 5 dpi. (A, B) IHC. Representative images of cells, primarily macrophages, immunolabelled for viral antigen 
in the medial retropharyngeal (MRPLN) and submandibular lymph nodes at 3 and 5 dpi. A Note that viral antigen was only present in the WB 
at 3 dpi. B MRPLN was also the first organ in which viral antigen was detected in the DP at 5 dpi. C IHC. Intravascular monocytes and infiltrating 
macrophages immunolabelled for the virus in tonsils (palatine and pharyngeal) and nasal mucosa (black arrows) at 5 dpi. Immunolabelled 
myeloid cells (red arrows) were also observed in the bone marrow of a wild boar at 5 dpi. D HE staining. Characteristic pyknotic and fragmented 
cell nuclei (karyorrhexis, indicated by circles) observed in the medulla and interfollicular areas of the MRPLN in wild boar. Karyorrhexis (circles) 
was also observed in the medulla, interfollicular areas and lymphoid follicles of the submandibular lymph node in wild boar and pigs, together 
with multifocal haemorrhages in the medulla of DP34. Immunohistochemistry against P30 protein (IHC); Haematoxylin–eosin staining (HE); Original 
magnification (number x); interfollicular areas (ia); lymphoid follicle (lf); medullary area (me); Wild boar (WB); Domestic pig (DP); White arrows 
indicate histopathological details of the selected areas within the boxes at higher magnification.

(See figure on next page.)
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cells were immunolabelled, but they were less abundant. 
Extensive liver damage was also evident in the euthanised 
pigs at the humane endpoint. Frequently centred in the 
portal areas or interlobular septa, the lesions were char-
acterised by mild to moderate interstitial mononuclear 

infiltrates that exhibited karyorrhexis (Figure  7D, HE 
staining, red arrowheads). In addition, foci of hypere-
osinophilic hepatocytes with nuclear karyorrhexis and 
karyolysis (necrosis) accompanied by mononuclear 
cell infiltration were observed (Figure  7D, HE staining, 
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black circles). An increase in intravascular leukocytes in 
the hepatic sinusoids (sinusoidal leukocytosis) was also 
noted, along with the presence of enlarged Kupffer cells. 
These findings were more prominent in pigs DP37 and 
DP40. In comparison, hepatic lesions were limited to dif-
fuse, mild to moderate liver congestion in all four wild 
boar, along with mild leucocytosis only observed in wild 
boar WB58.

In the gallbladder, Pig DP37 showed a moderate 
amount of immunolabelled macrophages in the inter-
follicular areas of the lymphoid tissue of the submucosa 
(Figure 7E, black arrow). Occasional macrophages in the 
lamina propria (Figure  7E, red arrow) and intravascular 
monocytes were also seen in pig DP37, DP39 and DP40. 
Positive intravascular monocytes could also be found in 
wild boar WB56, WB57 and WB59. Pig DP40 and wild 
boar WB56 and WB59 also showed occasionally immu-
nolabelled endothelial cells (Figure  7E, blue arrow). 
Histological examination revealed minimal to mild mon-
onuclear infiltrates in the lamina propria of the gallblad-
der of pigs DP37, DP39, DP40 and wild boar WB56, with 
wild boar WB57 also showing mild, submucosal oedema.

In the distal ileum, ileocaecal valve and the colon of the 
three pigs that reached the humane endpoint, there were 
abundant immunolabelled macrophages, most frequently 
observed in the interfollicular areas, followed by the lam-
ina propria. In contrast immunolabelled macrophages 
were only occasionally observed in the lamina propria in 
wild boar (Figure  8B). Microscopically, minimal lesions 
restricted to the lamina propria and characterised by the 
presence of mild hyperaemia and mild mononuclear infil-
trate were observed in the distal ileum, ileocaecal valve 
and colon only in some pigs and wild boar.

In the urinary tract of all three pigs, immunolabelled 
cells were mainly observed in the renal cortex. These 
were identified as capillary endothelial-like cells within 
the glomeruli (Figure  8C, black arrow), interstitial mac-
rophages (Figure 8C, red arrow), intravascular monocytes 

(Figure 8C, green arrow), and epithelial cells of the renal 
ducts (Figure 8C, blue arrow). There were fewer labelled 
cells in the medulla and pelvic area. In all four wild boar, 
the same type of cells were immunolabelled and evenly 
distributed throughout the kidney but observed less fre-
quently. Histopathological changes of the kidney were 
mild in all four wild boar as well as in pigs DP37 and 
DP40, which showed mild diffuse congestion and occa-
sional small, interstitial mononuclear infiltrates in the 
renal cortex. The exception was pig DP39, which showed 
severe, diffuse congestion together with severe, multi-
focal haemorrhages in the renal cortex (Figure  8C, HE 
staining, black arrowhead), medulla and pelvic area, 
accompanied by vasculitis and microthrombi mainly in 
the cortex (Figure 8C, HE staining, white arrowhead). In 
addition to moderate interstitial mononuclear infiltrates 
with pyknotic cells and moderate karyorrhexis, tubular 
nephrosis was also observed in the renal cortex in this 
animal (Figure 8C, HE staining, yellow arrowhead). In the 
urinary bladder, small numbers of immunolabelled mac-
rophages in the lamina propria and occasional endothe-
lial cells were observed in all animals reaching the 
humane endpoint except for wild boar WB58. However, 
no specific lesions were observed in any of the animals 
throughout the experiment.

Regarding other lymphoid organs, which are consid-
ered main targets for ASFV, the spleen contained abun-
dant immunolabelled macrophages. These were observed 
mainly in the red pulp, but also occasionally in lymphoid 
follicles (Figure 8D, red arrows), periarteriolar lymphoid 
sheaths and ellipsoids in both the pigs and the wild boar 
that reached the humane endpoint. In pig DP37, there 
were also occasional immunolabelled lymphocytes (Fig-
ure  8D, black arrowhead) and endothelial cells (Fig-
ure  8D, blue arrow). In pigs, histopathological changes 
included moderate to severe karyorrhexis in the red pulp, 
lymphoid follicles and periarteriolar sheaths, accompa-
nied by mild to severe lymphoid depletion of the white 

(See figure on next page.)
Figure 5  Histopathologic changes and presence of cells immunolabelled for ASFV-specific antigen (P30). Organs taken from wild boar 
(Sus scrofa scrofa) and domestic pigs (Sus scrofa domesticus) intranasally inoculated with African Swine Fever Virus genotype II ‘Armenia 2007’ strain 
euthanised between 1 and 5 dpi. A Right cranial lung lobe, IHC. At 5 dpi, immunolabelled cells were only present in wild boar. Note the presence 
of immunolabelled interstitial macrophages (black arrows) and alveolar macrophages (green arrow). Immunolabelled pneumocytes were 
also occasionally observed (red arrows). B Liver and gastrohepatic lymph node, IHC. At 5 dpi, immunolabelled cells were visible only in wild boar. 
Note the presence of immunolabelled hepatocytes (red arrows) and Kupffer cells (black arrows) in the liver, as well as the occasional presence 
of immunolabelled macrophages in the medullary areas of the gastrohepatic lymph node; Gastrohepatic lymph node, HE staining. Medullary 
haemorrhages (WB50, 3 dpi); Haemorrhages affecting medullary areas (WB53, 5 dpi). C Kidney, IHC. Immunolabelled interstitial macrophage (WB53, 
5 dpi). In the same animal, the renal lymph node showed occasional immunolabelled cells (IHC) as well as diffuse haemorrhages (HE staining) 
in the medullary and interfollicular areas. D Spleen, IHC, 5 dpi. Immunolabelled macrophages were present in the spleens of the three wild boars 
euthanised at 5 dpi, mainly in the red pulp, but not in any of the pigs euthanised on the same day. Immunohistochemistry against P30 protein 
(IHC); Haematoxylin–eosin staining (HE); Original magnification (number x); interfollicular areas (ia); lymphoid follicle (lf); medullary area (me); splenic 
red pulp (rp); Wild boar (WB); Domestic pig (DP); White arrows indicate histopathological details of the selected areas within the boxes at higher 
magnification.
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pulp (Figure  8D, HE staining). In addition, there was 
engorgement of the red pulp and mild haemorrhages 
within the lymphoid follicles and the periarteriolar 

lymphoid sheaths. Wild boar showed a similar lesion pat-
tern but with a slightly lesser severity.
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In the thymus (Figure  8E), immunolabelled mac-
rophages (red arrows), tingible body macrophages (red 
arrowheads) and occasional lymphocytes (black arrow-
heads) were evenly distributed in the cortex, medulla and 
the corticomedullar junction, being especially numer-
ous in pig DP39, and generally more abundant in pigs 
compared to wild boar. Occasionally, antigen was also 
detected in stellate cells, consistent with reticuloepithe-
lial cells, in the corticomedullary junction and medulla 
(blue arrowhead). Microscopically, the lesions observed 
in pigs consisted of mild lymphoid depletion, moderate 
karyorrhexis and a high number of tingible body mac-
rophages (Figure 8E, HE staining, red arrowheads). Thy-
muses of the wild boar assessed at humane endpoint also 
showed similar lesions, but to a lesser extent.

In the bone marrow in pigs, there was a moderate 
number of immunopositive cells, primarily myeloid cells 
(Figure 8F). A similar pattern was observed in wild boar, 
but with lower numbers of labelled cells. However, no 
specific lesions were evident in any of the animals eval-
uated, apart from the presence of occasional cell debris 
and a mild increase in apoptotic or cloud-like nuclei 
within megakaryocytes in pigs and, to a lesser degree, in 
wild boar.

Finally, a moderate number of immunolabelled mac-
rophages was observed in the dermis of the dorsal skin 
samples taken from pigs, which were more prominent in 
the perivascular mononuclear infiltrates (Figure  8F, red 
arrows). Intravascular monocytes and capillary endothe-
lial cells (Figure 8F, green arrows) stained for viral antigen 
were also detected. The wild boar showed only occasion-
ally immunolabelled cells, mainly macrophages. Along 
with moderate perivascular mononuclear infiltrates, pri-
marily consisting of lymphocytes and occasional mac-
rophages, mild vasculitis was also observed in pigs. This 
lesion was especially noticeable in pig DP40 (Figure  8F, 

HE staining). In comparison, wild boar skin showed no 
specific lesions, and histopathological scores differed sig-
nificantly (p = 0.033).

Discussion
Comparative histopathological evaluations of tissue sam-
ples collected from pigs and wild boar inoculated intra-
nasally with the highly virulent ASFV genotype II strain, 
“Armenia 2007”, revealed differences in the occurrence 
and distribution of viral antigen, as well as in the progres-
sion of lesions at tissue level between the two subspecies.

In wild boar, detection, increase and dissemination of 
viral antigen occurred earlier than in pigs. The organs of 
the oronasal tract, particularly the MRPLN and subman-
dibular lymph node, were shown to be the main locations 
for virus replication as early as 3 dpi. Quantity of viral 
antigen increased in subsequent days, which was associ-
ated with local virus proliferation. The MRPLN was also 
the first location in which the viral antigen was detected 
in pigs, albeit at 5 dpi. Interestingly, despite the route of 
infection and the high dose used, viral antigen was only 
occasionally visualised in the nasal mucosa of a wild boar 
at 5 dpi. It was not observed in the tonsils of wild boar 
nor pigs at 3 dpi and was only sporadically observed at 
this site in one wild boar at 5 dpi. Viral antigen was also 
detected at 5 dpi in the lungs of wild boar and occasion-
ally in the tracheobronchial LN, but not in pigs.

These results highlight the importance not only of 
MRPLN in early virus replication after intranasal infec-
tion prior to viraemia, as has been suggested previously 
[25, 28], but also of the submandibular LN. The role of 
the latter as a primary, albeit minor, target organ for 
virus replication has also been reported previously [28–
31]. Our results, however, contrast with other studies in 
which the tonsils are considered to be the usual route 
of entry and replication of ASFV [29–33]. They instead 

Figure 6  Histopathologic changes and presence of cells immunolabelled for ASFV-specific antigen (P30). Organs taken from infected 
animals euthanised at humane endpoint (6 dpi for wild boar and 9 dpi for pigs). A Palatine and pharyngeal tonsil, IHC. Cells immunolabelled 
for viral antigen, mainly macrophages and occasional lymphocytes, infiltrating the crypt epithelium, the diffuse lymphoid tissue surrounding 
the crypts, the interfollicular areas and the lamina propria. Observe the scarcity of viral antigen within the lymphoid follicles. The pharyngeal tonsil 
also showed immunolabelled epithelial cells in the epithelium (black arrows); Palatine tonsil, HE staining. Lymphoid depletion in the interfollicular 
areas, cell fragmentation (oval circle) and tingible body macrophages within the lymphoid follicles (red arrows). Note the infiltrates of mononuclear 
cells displaying severe pyknosis and cell fragmentation in the crypt epithelium (white circle). B Nasal mucosa, IHC. Immunolabelled macrophages 
in mucosa and submucosa. Note the occasional presence of immunolabelled epithelial cells in the respiratory epithelium (black arrow). 
Occasional immunolabelled macrophages were also observed in the mucosa and interfollicular areas of the nasal mucosa in wild boar (red 
arrow). C Submandibular lymph node, IHC. Marked presence of immunolabelled macrophages in the medullary and interfollicular areas. 
Note the presence of phagocytised immunolabelled cell debris (tingible bodies, red arrows) as well as intravascular monocytes (black arrow) 
and endothelial cells (green arrow) immunostained; HE staining. Areas with lymphoid depletion accompanied by abundant pyknotic cells, 
karyorrhexis (circle) and macrophages showing abundant cytoplasm containing phagocytised cell debris (tingible body macrophages, red arrows). 
Immunohistochemistry against P30 protein (IHC); Haematoxylin–eosin staining (HE); Original magnification (number x); interfollicular areas (ia); 
lymphoid follicle (lf); epithelium (ep); crypt epithelium (cr); mucosa (mu), submucosa (smu); Wild boar (WB); Domestic pig (DP); White arrows indicate 
histopathological details of the selected areas within the boxes at higher magnification.

(See figure on next page.)
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support the hypothesis that after intranasal inoculation, 
ASFV can replicate in cephalic lymph nodes without first 
passing through the tonsils [28]. In addition, the nasal 

mucosa, lungs and tracheobronchial lymph nodes do not 
appear to play a significant role in the initial entry and 
proliferation of the virus following intranasal inoculation, 
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which is consistent with other studies [25, 28]. These 
findings could explain why, in the current experimen-
tal infection [25] as well as in previous experiments [18, 
23, 24], the viral genome was either undetectable or 
present at very low levels up to 5 dpi in oronasal swabs 
taken from wild boar and pigs that were infected orona-
sally with high and moderate virulence genotype II iso-
lates. Our results also support studies suggesting that the 
potential for virus transmission through nasal secretions 
would not be efficient in early stages of infection [34], a 
fact that should be considered when using oronasal sam-
ples for diagnostic sampling.

Similarly, no viral antigen was detected in any of the 
intestinal organs or regional lymph nodes that were 
examined up to 5 dpi, despite the presence of mucosa-
associated lymphoid tissue in these organs in both wild 
boar and pigs. These results also suggest that the intes-
tinal tract may play a minor role as a portal of entry 
and replication for ASFV. This in turn would explain 
the undetectable or low levels of viral genome detected 
in faecal swabs taken from experimentally infected wild 
boar and pigs in the present [25] and previous studies 
[18, 23, 24].

Although none of the infected pigs euthanised up to 5 
dpi became viraemic, moderate levels of viraemia were 
detected in one infected wild boar euthanised at 3 dpi, 
and higher levels in infected wild boar euthanised at 5 
dpi [25]. High viraemia levels occurred concurrently with 
the appearance of viral antigen in the spleens of these 
wild boar, but not in the pigs. Both viraemia and the 
presence of the virus in the spleen are considered to be 
signs of the virus spreading throughout the body, which 
was deferred in pigs. Therefore, a generalised spread of 
the virus was evident in wild boar, but not in pigs, at 5 
dpi when the viral antigen was detected by immunohis-
tochemistry in multiple organ systems. This is consistent 

with the detection of viral genome in multiple tissues in 
our previous study [25]. In wild boar, viral antigen was 
not only detected in the oronasal tract, but also in the 
respiratory, hepatobiliary and urinary tracts. The spleen, 
lung and liver are organs with high resident macrophage 
populations and are highly susceptible to ASFV infection 
[35–37]. Virus replication mainly occurs in these mac-
rophage populations, and secondarily in other cell types 
such as hepatocytes, endothelial cells, epithelial cells and 
reticular cells [27]. Replication in these organs would 
contribute to increased viraemia and highlights the role 
of these organs as secondary sites of virus replication fol-
lowing virus spread.

Our findings show that following intranasal inoculation 
of ASFV, initial replication occurs in the lymph nodes 
of the upper oronasal tract prior to viraemia, particu-
larly in the medial retropharyngeal and submandibular 
lymph nodes. The efferent lymphatic vessels from both 
lymph nodes converge in the tracheal duct, which then 
discharges into the brachiocephalic vein, thus returning 
lymph to the bloodstream [38]. The virus therefore could 
use this pathway to reach secondary replication sites such 
as the spleen, liver and lungs, either within monocytes, 
attached to the surface of erythrocytes or freely within 
the bloodstream as proposed previously [12, 28, 39]. 
Replication of the virus in these secondary organs con-
currently with replication in the primary sites mentioned 
would contribute to the onset and increase of viremia.

Histopathological lesions and their severity increased 
as the experiment progressed. However, microscopic 
changes, predominantly haemorrhagic lesions and char-
acteristic findings of lymphoid tissue destruction such 
as pyknosis and cellular fragmentation of mononuclear 
cells [12, 13, 39], only emerged or became evident after 
detection of viral antigen. Thus, cell destruction was first 
observed in the MRPLN and to a lesser extent in the 

(See figure on next page.)
Figure 7  Histopathologic changes and presence of cells immunolabelled for ASFV-specific antigen (P30). Organs taken from infected 
animals euthanised at humane endpoint (6 dpi for wild boar and 9 dpi for pigs). A Lung caudal lobe, IHC. Abundant Interstitial (green arrows), 
intravascular (black arrows) and alveolar (red arrows) macrophages immunolabelled; B Lung caudal lobe, HE staining. Alveolar septal thickening 
along with mononuclear cell infiltrates consisting mainly of macrophages and lymphocytes (yellow arrows), oedema (black arrows), cell debris 
(white circle) and fibrin deposits (green arrows) in the alveolar lumen. Note also the presence of inflammatory cells in the bronchiolar lumen 
(bronchiolitis, red arrow); C Trachea and tracheobronchial lymph node, IHC. Macrophages infiltrating the mucosa and the epithelium of the trachea; 
Tracheobronchial lymph node, IHC. Immunolabelled macrophages in the medullary and interfollicular areas; HE staining. Note the presence 
of karyorrhexis and haemorrhages (asterisk) within lymphoid follicles of pigs compared to mild lymphoid tissue depletion in wild boar; D Liver, IHC. 
Abundant immunolabelled hepatocytes (black arrows) and interstitial macrophages in the portal spaces (red arrows). Occasional stained Kupffer 
cells (green arrow) and intravascular monocytes (blue arrows) were also observed; HE staining. Liver damage was characterised by the presence 
of interstitial mononuclear infiltrates in the portal spaces and interlobular septa areas, which exhibited karyorrhexis (red arrowheads), 
and multifocal necrotic foci of hepatocytes with mononuclear cell infiltration (circles); E Gallbladder, IHC. Occasional immunolabelled macrophages 
in the interfollicular areas of the lymphoid tissue (black arrow) and the lamina propria (red arrow). Occasionally immunolabelled endothelial cells 
(blue arrow). Immunohistochemistry against P30 protein (IHC); Haematoxylin–eosin staining (HE); Original magnification (number x); interfollicular 
areas (ia); lymphoid follicle (lf); medullary area (me), epithelium (ep); lamina propria (lp), portal space (ps); bronchus-associated lymphoid tissue (balt); 
Wild boar (WB); Domestic pig (DP); White arrows indicate histopathological details of the selected areas within the boxes at higher magnification.
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submandibular LN of wild boar at 5 dpi in parallel with 
an increased presence of infected macrophages. There-
fore, the replication of the virus in these target cells may 

induce their destruction, as well as that of bystander cells 
such as lymphocytes. This occurs via indirect mecha-
nisms induced by proinflammatory cytokines secreted by 
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infected macrophages, resulting in an initial mild tissue 
injury in lymphoid tissue [35, 40–42]. Notably, haemor-
rhagic lesions in the submandibular LN of pigs euthan-
ised at 5 dpi occurred in the absence of infected cells, but 
infected cells were observed in the nearby MRPLN. Such 
haemorrhages could have originated from the activation 
and disruption of endothelial cells, caused by an increase 
in intravascular cellular debris or increased vascular per-
meability induced by chemical mediators generated by 
other injured organs [12, 43].

Both wild boar and pigs that reached the humane end-
point at 6 and 9 dpi, respectively, exhibited a notable 
increase in the number of cells immunolabelled against 
viral antigen, as well as in the presence and severity of 
histopathological lesions in all tested organs. In addition, 
virus antigen and histopathological scores at the human 
endpoint were generally higher in pigs than in wild boar 
in the studied organs, even though the appearance and 
increase of immunolabelled cells and the appearance and 
progression of lesions occurred later in pigs. Thus, the 
lower severity and extent of lesions in wild boar were evi-
dence of their lower tolerance of tissue damage prior to 
reaching the humane endpoint. This demonstrates their 
greater susceptibility to and lower resistance against the 
ASFV, characteristics previously noted in other studies 
[18, 23, 25, 26].

The mechanisms underlying these differences, which 
likely involve both viral and host factors, constitute a 
huge knowledge gap. Wild boar exhibit higher levels of 
genetic diversity than domestic pigs [44, 45], although 
differentiation between the two subspecies relies on 
only a few genetic markers [46]. It has been suggested 
that the innate immune response is key to controlling 
levels of ASFV replication and pathogenesis in dif-
ferent infected hosts. ASFV may be more effective in 

evading innate responses in domestic pigs and wild 
boars compared to wild African suids, leading to dis-
ease. Conversely, host genetic factors, as is likely the 
case in wild African suids, may reduce the activation of 
potentially harmful responses, thereby controlling the 
replication of the virus and reducing the appearance 
of clinical signs and tissue damage [47]. Other studies 
have pointed to differences in T-cell responses that may 
explain some of the differences in ASF progression in 
wild boar and pigs, although the authors did not eluci-
date any mechanism of protection or resistance against 
ASFV [48, 49]. The influence of genetic, immunologi-
cal and virological factors on host susceptibility and 
resistance is a question that will need to be addressed 
in future studies. The higher susceptibility to and lower 
tolerance of tissue damage in wild boar compared to 
pigs should also be taken into account during vaccine 
trials, in order to avoid inaccurate assessments result-
ing from the occurrence of only moderate pathology 
in wild boar. This emphasises the need to improve our 
understanding of ASF in wild boar to develop vaccines 
that are specifically designed to control and eradicate 
the disease in wild boar. Comorbidities, including 
parasitic diseases, nutritional discrepancies and envi-
ronmental stressors present in field conditions, should 
also be considered as factors that will make this task 
difficult.

To conclude, we demonstrated that viral antigen in 
tissues and histological lesions were detected earlier in 
wild boar than in pigs after intranasal inoculation with 
ASFV, with MRPLN and submandibular lymph nodes 
being among the earliest sites for virus replication. Virus 
antigen and histopathological scores at the human end-
point were lower in wild boar than in pigs, even though 
the appearance and increase of viral antigen in tissues, 

Figure 8  Histopathologic changes and presence of cells immunolabelled for ASFV-specific antigen (P30). Organs from infected animals 
euthanised at humane endpoint (6 dpi for wild boar and 9 dpi for pigs). A Gastrohepatic lymph node, IHC. Immunolabelled macrophages 
in medulla and interfollicular areas; HE staining. Haemorrhages (asterisk) in medullary areas; B Ileocaecal valve and colon, IHC. Interfollicular areas 
and lamina propria with immunolabelled macrophages in pigs. In wild boar immunostained cells were scarce; C Kidney, IHC. Capillary endothelial 
cells within glomeruli (black arrow), interstitial macrophages (red arrow), intravascular monocytes (green arrow), and epithelial cells of the renal 
ducts (blue arrow) immunolabelled; HE staining. Haemorrhages cortex (black arrowhead), vasculitis and microthrombi (white arrowhead). 
Tubular nephrosis and interstitial mononuclear infiltrates also observed (yellow arrowhead); Renal LN, IHC and HE staining. Immunolabelled 
macrophages in medullary and interfollicular areas. Haemorrhages (asterisk) and lymphoid depletion in lymphoid follicle; D Spleen, IHC. Abundant 
immunolabelled macrophages in red pulp with occasional presence within lymphoid follicles (red arrows). Immunolabelled lymphocytes (black 
arrowhead) and endothelial cells (blue arrow) also observed; HE staining. Lymphoid depletion affecting lymphoid follicles and periarteriolar 
sheaths; E Thymus, IHC. Macrophages (red arrows), tingible body macrophages (red arrowheads) and occasional lymphocytes (black arrowheads) 
immunolabelled in cortex and medulla. Occasionally stellate cells consistent with reticuloepithelial cells (blue arrowhead); HE staining. Lymphoid 
depletion, Karyorrhexis and tingible body macrophages in cortex (red arrowheads); F Bone marrow, IHC. Immunostained cells, mainly myeloid cells; 
Skin, IHC. Perivascular mononuclear infiltrates with numerous immunolabelled macrophages in pigs (red arrows) and Capillary endothelial cells 
(green arrows); HE staining. Perivascular mononuclear infiltrates and vasculitis. Immunohistochemistry against P30 protein (IHC); Haematoxylin–
eosin staining (HE); Original magnification (number x); interfollicular areas (ia); lymphoid follicle (lf); medullary area (me); lamina propria (lp); 
glomeruli (gl), red pulp (rp), periarteriolar lymphoid sheaths (ps), cortex (co); Wild boar (WB); Domestic pig (DP).

(See figure on next page.)
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the progression of lesions and the humane endpoint 
occurred earlier in wild boar. Thus, the lower tolerance 
of tissue damage prior to reaching the humane endpoint 

demonstrated the higher susceptibility and lower resist-
ance of wild boar to ASFV. The mechanisms behind 
these differences remain unclear. These findings should 
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be considered if ASF candidate vaccines intended to wild 
boar are evaluated in pig models, as surrogates for wild 
boar. The results from this study also provide information 
on co-localisation of the virus with lesions at the cellu-
lar and tissue level and complement previously published 
data on macroscopic lesions and virus presence in the 
same animals.
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Additional file 1 Summary of histopathological and virus antigen 
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