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Abstract 

Since the reintroduction of African swine fever virus (ASFV) in Europe in 2007 and its subsequent spread to Asia, wild 
boar has played a crucial role in maintaining and disseminating the virus. There are significant gaps in the knowl‑
edge regarding infection dynamics and disease pathogenesis in domestic pigs and wild boar, particularly at the early 
infection stage. We aimed to compare domestic pigs and wild boar infected intranasally to mimic natural infection 
with one of the original highly virulent genotype II ASFV isolates (Armenia 2007). The study involved euthanising three 
domestic pigs and three wild boar on days 1, 2, 3, and 5 post‑infection, while four domestic pigs and four wild boar 
were monitored until they reached a humane endpoint. The parameters assessed included clinical signs, macro‑
scopic lesions, viremia levels, tissue viral load, and virus shedding in nasal and rectal swabs from day 1 post‑infection. 
Compared with domestic pigs, wild boar were more susceptible to ASFV, with a shorter incubation period and earlier 
onset of clinical signs. While wild boar reached a humane endpoint earlier than domestic pigs did, the macroscopic 
lesions were comparatively less severe. In addition, wild boar had earlier viremia, and the virus was also detected ear‑
lier in tissues. The medial retropharyngeal lymph nodes were identified as key portals for ASFV infection in both sub‑
species. No viral genome was detected in nasal or rectal swabs until shortly before reaching the humane endpoint 
in both domestic pigs and wild boar, suggesting limited virus shedding in acute infections.
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Introduction
African swine fever (ASF) has remained one of the most 
important threats to the global pig industry in recent 
decades, with more than 50 countries across Europe, 
Asia, the Caribbean and Africa being affected [1]. The 
causative agent, African swine fever virus (ASFV), is a 
large and complex double-stranded DNA arbovirus, the 
sole member of the Asfarviridae family within the genus 
Asfivirus [2]. Currently, there are 24 distinct genotypes 
[3]. The disease affects both domestic and wild suids of 
various breeds and ages, resulting in substantial lethality 
rates exceeding 90% among susceptible animals. Nota-
bly, soft ticks from the Ornithodoros genus, including O. 
moubata and O. erraticus, have been highlighted as res-
ervoirs and carriers of ASFV [4]. Additionally, transmis-
sion routes, including direct contact, contact with wild 
boar and aerosols, are important, particularly in the con-
text of the disease situation, which has continued since 
2007 [5]. Efforts to develop effective ASF vaccines face 
significant challenges, exemplified by a recent live attenu-
ated vaccine surprisingly approved for commercialisation 
and use in Vietnam [6], albeit with many doubts about its 
efficacy and safety in the field.

Significant progress has been made in controlling ASF 
within domestic pig populations, primarily through 
robust biosecurity measures. However, the challenge 
posed by wild boar as notable reservoirs in Europe and 
Asia persists, as they threaten the food chain, hinder 
eradication efforts and contribute to the geographical 
spread of the disease. In  vivo studies have shown that 
wild boar are more susceptible to ASFV infection than 
are domestic pigs [7–9]. For instance, oral and intramus-
cular experimental infections of adult wild boar with 
genotype II isolates from the Caucasus region (Armenia 
in 2008 and Chechen Republic in 2009) resulted in acute 
disease, with 100% lethality in less than 10  days, with-
out a serological response [7, 10]. While limited shed-
ding of ASFV through nasal discharge or faeces has been 
reported, efficient transmission to in-contact wild boar 
is evident, leading to acute disease in the recipients. Fur-
thermore, differences in disease outcomes in wild boar 
infected with lower-virulence ASFV variants in Europe 
[11] also increase the complexity of our understanding of 
ASFV pathobiology in wild boar.

Since the incursion of genotype II in the Caucasus 
region in 2007, most studies have focused primarily 
on assessing the impact of ASFV strains belonging 
to genotype II in domestic pigs [8, 9, 12–15]. More 
contemporaneous genotype II strains, such as those 
from Estonia 2014 or Belgium 2018/1, have been used 
in the experimental infection of both domestic pigs 
and wild boar [9, 16–19]. In contrast, the original 
isolates obtained in the Caucasus region after the 

reintroduction of the disease in Europe have been 
investigated in only a few in  vivo studies in wild boar 
[7, 8, 10, 20]. The diversity of genotype II ASFV strains 
has evolved over time due to viral mutations and 
recombination. However, the lack of experimental data 
on the ancestral isolates of genotype II ASFV limits our 
understanding of the changes in infection dynamics. 
Furthermore, extensive research on the pathogenic 
mechanisms of the disease has only been performed 
using high- and moderate-virulence ASFV isolates of 
genotype I, which emerged after the introduction of 
the ASFV to the Iberian Peninsula during the 1950s 
and [21]. In contrast, the understanding of disease 
pathogenesis and the resulting immune response 
against genotype II strains remains limited in domestic 
pigs and is even less explored in wild boar. Currently, 
there is only one published comparative study that 
examines the infection kinetics in wild boar and 
domestic pigs following oronasal infection with a 
moderately virulent genotype II isolate [17].

In both domestic pigs (Sus scrofa domesticus) and 
wild boar (Sus scrofa spp.), in vivo experimental results 
have shown variations in the outcomes and severity 
of clinical disease following infections with the pre-
vailing ASFV genotype II strains from Europe. These 
variations, often exceeding expected biological differ-
ences, may be attributed to differences in experimental 
conditions. For instance, the intramuscular route has 
been widely employed for experimental in  vivo ASFV 
research due to its ability to reproduce clinical disease. 
However, it bypasses the mucosal surfaces and innate 
defence mechanisms encountered during natural infec-
tion. Experimental oronasal infections more accurately 
represent natural infection and early clinical disease 
dynamics and pathogenic mechanisms [22].

The objective of this study was to evaluate and com-
pare the pathogenesis of ASFV in domestic pigs and 
wild boar starting at 24  h post-intranasal infection 
using Armenia 2007, one of the original highly virulent 
genotype II isolates that emerged after disease reintro-
duction in the Caucasus region. This study sought to 
understand the initial disease dynamics in both subspe-
cies. Specifically, we compared various aspects, includ-
ing disease progression, macroscopic lesions, viremia 
levels, virus shedding, and virus load within target 
organs. This knowledge provides valuable information 
to aid in early diagnosis and to contribute to the eval-
uation and development of new vaccines essential for 
effectively preventing and combating the spread of ASF.
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Materials and methods
Virus
The highly virulent ASFV genotype II isolate used 
(Armenia 2007) was kindly provided by the EU reference 
laboratory for ASF (CISA-INIA/CSIC, Valdeolmos, 
Madrid Spain). Stocks for inoculation were grown in 
primary porcine blood peripheral monocytes, and viral 
titres were determined as the amount of virus causing 
haemadsorption in 50% of inoculated cultures  (HAD50/
mL).

In vivo experimental design
In vivo experiments were carried out in containment 
facilities at the Animal and Plant Health Agency (APHA, 
Weybridge, UK). These experiments were reviewed by 
the APHA Animal Welfare and Ethical Review Board and 
conducted in accordance with the UK Animals (Scientific 
Procedures) Act 1986 under project licence PF971B5E3.

Nineteen commercial domestic Large White/Landrace 
cross pigs of both sexes, aged 10–12  weeks at the 
commencement of the experiment, were used alongside 
nineteen farmed European wild boar of both sexes, aged 
16–18  weeks, and sourced from a commercial provider 
(Figure  1A). Following a 7-day acclimatisation period, 
a total of thirty-eight animals (19 domestic pigs and 19 
wild boar) were randomly allocated into four groups 
consisting of 8 animals each (either wild boar or domestic 
pigs), which were assigned to the infected groups. Two 
additional groups consisting of either 3 domestic pigs or 
3 wild boar were assigned as mock-inoculated controls. 
Animals were assigned to groups with similar average 
weights and similar distributions of males and females. 
To prevent potential aggression, domestic pigs and wild 
boar were housed separately. As described in Figure 1A, 
the animals were euthanised at predetermined time 
points following infection prior to inoculation.

To mimic natural infection, all animals were sedated 
with Stresnil and then intranasally inoculated with a dose 
of  104  HAD50/pig of the virulent ASFV isolate “Arme-
nia 2007”. One millilitre of inoculum was administered 
per nostril using intranasal mucosal atomisation devices 
(MAD Intranasal, Teleflex). To ensure thorough admin-
istration of the inoculum, the animals’ heads were main-
tained in an upright position for 1 min post-inoculation. 
On the day of inoculation, the inoculum was titrated 
to verify the administered dose. The mock-inoculated 
controls were housed separately and subjected to mock 
infection using identical procedures, but RPMI cell cul-
ture medium (Gibco) was used in place of the viral 
inoculum.

The day of experimental infection was designated day 
0. All animals were weighed before the experimental 
inoculation (day 0). Throughout the experiment, rectal 

temperatures were measured once daily, and clinical 
signs were monitored daily using a previously described 
scoring system [23]. The sum of the points was recorded 
as the clinical score, which was also used to establish 
humane endpoints before commencing the experiment. 
On days 1, 2, 3, and 5 post-infection (pi), six animals that 
had been randomly assigned beforehand (comprising 
3 domestic pigs and 3 wild boar) were sedated and 
euthanised by the administration of barbiturate 
(Figure  1A). The remaining inoculated animals (4 pigs 
and 4 wild boar) were euthanised and necropsied upon 
reaching predetermined humane endpoints on day 6 
(all remaining wild boar) and day 9 pi (all remaining 
domestic pigs). Mock-inoculated control animals (n = 6) 
were euthanised at the conclusion of the experiment (day 
12 pi).

Sampling and macroscopic evaluation of lesions
Blood samples were collected into vacutainers containing 
EDTA (BD biosciences) from the anterior vena cava of all 
animals (inoculated and non-inoculated) before inocula-
tion (day 0). Following inoculation, blood samples, along 
with nasal and rectal swabs, were obtained at the sched-
uled euthanasia time points on days 1, 2, 3, and 5 pi, as 
well as at the humane endpoint (day 6 pi for wild boar 
and day 9 pi for domestic pigs). Additional blood samples 
and swabs were also taken from the remaining infected 
domestic pigs on day 8 pi. For the mock-inoculated con-
trol animals, blood samples and swabs were collected on 
day 8 pi and at the end of the experiment on day 12 pi. 
Blood samples and swabs were frozen at −80 °C for sub-
sequent detection of the ASFV genome by quantitative 
PCR (qPCR).

All euthanised animals underwent necropsies, dur-
ing which macroscopic evaluations were conducted in 
accordance with a previously established macroscopic 
scoring protocol [24]. Macroscopic lesions were scored 
and individually documented, representing the cumula-
tive score observed across various organs in the exam-
ined animals.

Additionally, tissue samples were collected from the 
palatine tonsils, lungs (right cranial lobe), spleen, medial 
retropharyngeal, tracheobronchial, and gastrohepatic 
lymph nodes, and these samples were frozen at −80  °C 
for subsequent detection of the ASFV genome through 
qPCR.

Quantification of viral DNA levels in blood, tissues 
and nasal swabs
DNA was extracted in duplicate from 100  µL of EDTA 
blood, tissue homogenate, or swab eluate using the 
MagVET extraction kit on the KingFisher Flex automated 
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extraction system (ThermoFisher, Paisley, UK). Positive 
and negative controls were included in the extraction, 
and DNA was eluted with 80  µL of elution buffer. 
DNA was stored at + 4  °C prior to analysis. qPCR was 
performed in duplicate on an Applied Biosystems 7500 
Fast instrument using the King et  al. assay targeting 
ASFV VP72 [25], and genome copies per mL or mg were 

determined by comparison to an ASFV VP72 plasmid 
standard [25].

Statistical analysis
All the statistical analyses and data visualisations were 
performed with GraphPad Prism Version 7.0 (GraphPad 
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Figure 1 Experimental design, survival rate and weight assessment. A Infection and euthanasia schedule. Nineteen commercial domestic 
Large White/Landrace cross pigs (DPs) of both sexes, aged 10–12 weeks at the commencement of the experiment, were used alongside nineteen 
farmed European wild boar (WBs) of both sexes, aged 16–18 weeks. Animals were randomly allocated into four groups consisting of 8 animals 
(either wild boar or domestic pigs) that were intranasally inoculated (IN) with a dose of  104  HAD50/pig of the highly virulent ASFV genotype II isolate 
ASFV isolate “Armenia 2007” (1 mL per nostril). Two additional groups consisting of 3 domestic pigs or 3 wild boar were used as mock‑inoculated 
controls and received the same volume of cell culture medium via the intranasal route. On days 1, 2, 3, and 5 post‑infection (pi), six animals that had 
been randomly assigned beforehand (comprising 3 domestic pigs and 3 wild boar) were euthanised. The remaining inoculated animals (4 pigs 
and 4 wild boar) were euthanised and necropsied upon reaching predetermined humane endpoints on day 6 (all remaining wild boar) and day 
9 pi (all remaining domestic pigs). Mock‑inoculated control animals were euthanised at the conclusion of the experiment (day 12 pi). B Mortality 
of infected wild boar (n = 4) and infected domestic pigs (n = 4) that were kept alive until a humane endpoint was reached. Mock‑infected animals 
are also shown. C Comparative weight assessment between infected and noninfected animals.



Page 5 of 16Sánchez‑Cordón et al. Veterinary Research           (2024) 55:89  

Software, La Jolla, CA, USA). The statistical tests applied 
to each dataset are indicated in the figure legends.

Results
Clinical findings
Wild boar and domestic pigs were euthanised at prede-
termined time points: 1, 2, 3, and 5 pi (Figure 1A). At 5 
pi, four animals from each subspecies were retained until 
they reached humane clinical endpoints. All wild boar 
reached their humane endpoint on day 6 pi, whereas for 
domestic pigs, this endpoint was reached on day 9 pi 
(Figure 1B).

Throughout the study, both the infected domestic pig 
and wild boar groups exhibited a minimal to modest 
increase in mean weights compared to their pre-infection 
weights, but this increase was markedly lower than the 
weight gain of the uninfected animals (Figure 1C). Specif-
ically, the weight of the infected domestic pigs increased 
less than 10% over a 9-day period, whereas that of the 
uninfected pigs increased from 20 to 40% by the end of 
the experiment. The weight of infected wild boar, which 
were on average 9 kg lighter than those of domestic pigs 
at the start of the study, remained relatively stable at 
approximately 15%, while the weight of uninfected boar 
increased by 20% to 30% by the end of the experiment. In 
summary, while no significant weight gain was observed 
among the infected domestic pigs and wild boar, the 
infected animals exhibited less weight gain than did the 
uninfected animals (the individual weights of the infected 
and uninfected animals are shown in Additional file 1).

Compared with domestic pigs, wild boar developed 
clinical disease earlier, although their clinical scores were 
comparable at the humane endpoint (Figure  2A). Mild 
and nonspecific signs were observed starting on day 4 pi 
in 5 out of 7 infected wild boar (Figure 2B); however, no 
signs were detected in domestic pigs (Figure 2C) at this 
time point (p ≤ 0.01; Figure  2A). These signs included a 
reduction in liveliness, apathy, and leftover food after 
feeding. Subsequently, on day 5 pi, the clinical scores 
increased significantly, with signs such as lethargy, 
weakness, recumbency, difficulty or unwillingness to 
stand, lack of coordination or a stiff gait, loss of appetite, 
increased respiratory rate, ocular discharge, and soft 
faeces becoming evident. The four wild boar that were 
not euthanised at predefined time points reached the 
predetermined clinical endpoint on day 6 pi and were 
euthanised with high clinical scores.

In contrast, none of the domestic pigs euthanised up 
to day 5 pi exhibited notable clinical signs (Figure  2C). 
With the exception of one pig (#38), the remaining 
inoculated animals that survived until day 9 pi (#37, 
#39, and #40) exhibited a significant increase in clinical 

scores starting from day 7 pi, with clinical signs similar 
to those described for the infected wild boar. Starting at 
8 pi, these animals also exhibited erythematous pinnae, 
kyphosis, and tremors, with the highest scores (a 
maximum of 11) recorded on 9 pi. Pig #38 did not reach 
the clinical endpoint scores but was euthanised to avoid 
single housing. The mock-inoculated domestic pigs and 
wild boar remained healthy and displayed no clinical 
signs throughout the study period (Additional file 2).

As part of clinical monitoring, rectal temperatures were 
recorded to assess disease development. Wild boar exhib-
ited pyrexia earlier than domestic pigs after virus inocu-
lation (Figure  2D). Among the infected wild boar, the 
mean rectal temperature began to rise on day 3 pi, with 
a significant increase compared to pre-inoculation val-
ues observed by day 4 pi (p ≤ 0.0001). The temperatures 
peaked on day 6 pi, averaging 41.7 °C (Figure 2D). Nota-
bly, starting at 4 pi, three of the seven remaining infected 
wild boar developed hyperthermia (>40.5 °C) (Figure 2E). 
The temperatures of all four wild boar that survived until 
day 6 (animals #56, #57, #58, and #59) exceeded 41.5 °C 
from day 5 pi, with peaks reaching 41.9 °C (Figure 2E).

In the case of the infected domestic pigs, the mean 
temperature significantly increased compared to the pre-
inoculation value (p ≤ 0.01) from day 7 pi and remained 
elevated until day 9 pi, when the humane endpoint was 
reached (Figure  2D). The average temperatures ranged 
between 39.4 and 39.8 °C. Three of the four domestic pigs 
that survived until day 9 pi (animals #37, #39, and #40) 
exhibited hyperthermia (> 40.5 °C), with the highest tem-
perature reaching 41.4  °C (Figure 2F). Pig #38 remained 
normothermic. The mock-infected animals maintained 
temperatures ranging between 38 and 39  °C, which is 
within the expected range (Additional file 2).

In summary, the incubation period was shorter in 
infected wild boar (4 days) than in infected domestic pigs 
(7  days). Infected wild boar exhibited higher tempera-
tures in the early stages after infection, while domestic 
pigs only developed elevated temperatures starting from 
day 7 pi, with rectal temperatures notably higher in the 
wild boar. Clinical disease was observed in the infected 
wild boar from day 4 pi, with the most significant dif-
ferences noted on day 6 pi. In contrast, domestic pigs 
developed clinical disease from day 7 pi, with the most 
significant differences observed on day 9 pi. The dura-
tion of clinical courses to the humane endpoint was simi-
lar between the groups of infected animals that were not 
euthanised at the established time points (3 days). How-
ever, while all four infected wild boar reached high clini-
cal scores leading to the humane endpoint, only three out 
of the four infected domestic pigs reached the clinical 
endpoint.
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Macroscopic pathology
Starting at day 3 pi, both infected domestic pigs 
and infected wild boar exhibited a small increase in 
macroscopic scores compared to those of noninfected 
animals (Figure  3A). These scores were significantly 
different from those of the control animals on day 5 pi 

and at the end of the study (day 6 pi) in the infected wild 
boar group. In the infected domestic pig group, these 
differences were observed only at the end of the study 
(day 9 pi). However, the difference was not statistically 
significant; the macroscopic scores were slightly greater 
in the wild boar group than in the domestic pig group 

Figure 2 Kinetics of clinical signs and rectal temperatures. Statistically significant differences in clinical scores (A) and rectal temperatures 
(D) at different days after infection (mean ± SD) between the experimental groups were assessed by two‑way ANOVA. Black asterisks indicate 
statistically significant differences between infected wild boar and infected domestic pigs. Statistically significant differences in rectal temperatures 
and clinical scores (mean ± SD) within each experimental group at different days after infection compared to pre‑infection values were assessed 
by one‑way ANOVA. Statistical differences are represented by red (infected boar group) and blue (infected domestic pig group) asterisks. Individual 
kinetics of clinical scores (B, C) and rectal temperatures (E, F) in infected wild boar (WBs) and domestic pigs (DPs). Day post‑infection (x‑axis); 
temperature and clinical score (y‑axis); variables of significance (*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001).
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on day 5 pi. However, on the day of termination at the 
clinical endpoint, the pathology scores of domestic 
pigs were significantly greater than those of wild boar 
(P < 0.05).

The mock-inoculated domestic pigs and wild boar had 
only mild and nonspecific macroscopic changes that were 
attributed to the euthanasia procedures, including a lack 

of pulmonary collapse, lung congestion, alveolar oedema, 
splenomegaly, and occasional lymphadenopathy, mainly 
in the submandibular and retropharyngeal lymph nodes 
(Figure 3B). Both domestic pigs and wild boar euthanised 
on days 1 and 2 pi displayed nonspecific macroscopic 
findings similar to those of the control animals, although 
some animals (domestic pigs #25 and #28 and wild boar 

Figure 3 Macroscopic evaluation of lesions. A Mean ± SD of the cumulative macroscopic scores (y‑axis) in each group of domestic pigs or wild 
boar euthanised on different days after infection. Uninfected animals (CT) euthanised on day 12 pi are also shown (x‑axis). Statistical analysis 
was performed by one‑way ANOVA. Black asterisks indicate statistically significant differences between the two groups of infected animals 
(wild boar and domestic pigs) euthanised on different dates, while red or blue asterisks indicate statistically significant differences with respect 
to the uninfected wild boar or domestic pig group; significant variables (*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001); B Macroscopic scoring 
of lesions. Macroscopic lesions were scored and documented individually, representing the cumulative score observed in the different organs 
of the infected animals examined; macroscopic lesion score (y‑axis); (x‑axis): individual representation of animals evaluated in each experimental 
group and euthanised on different dates after infection. Uninfected animals (CT) euthanised on day 12 pi are also shown.
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#44 and #46) also had mild hydropericardium and ascites 
(Figure 4A).

Along with the mild ascites and hydropericardium 
observed in some animals, all domestic pigs and wild 
boar euthanised on day 3 pi displayed mild lymphadeno-
megaly with petechiae in the submandibular, medial ret-
ropharyngeal, gastrohepatic, renal, and ileocecal lymph 
nodes. In addition, two domestic pigs (#31 and #32) and 
one wild boar (#52) also had haemorrhagic medial ret-
ropharyngeal and sub-lumbar lymph nodes. Domestic 
pig #31 and wild boar #51 also showed petechiation on 
the urothelium (Figure 4B).

In domestic pigs euthanised on day 5 pi, the 
macroscopic lesions were quite similar to those 
described in domestic pigs on day 3 pi. In contrast, 
the lesions were much more severe in the wild boar, 
especially in animal #53 (Figure  5) and, to a lesser 
extent, in animal #54. Wild boar #54 exhibited hepatic 
and splenic congestion and lymphadenomegaly 
with petechiae (only the gastrohepatic lymph node 
had severe haemorrhages). In contrast, wild boar 
#53 displayed a wider range of lesions, including 
hydropericardium, pulmonary congestion, alveolar 
oedema, ascites, thymic atrophy, hepatic congestion 
(Figure  5G), perirenal oedema, petechiae in the renal 
cortex and urinary bladder, meningeal hyperaemia, 
and severe generalised haemorrhagic lymph nodes 
(retropharyngeal, gastrohepatic, renal, mediastinal, 
and sub-lumbar; Figures 5A, C, E, G, I). The four wild 
boar that reached a humane endpoint on day 6 pi (#56, 
#57, #58, and #59) all displayed macroscopic findings 
and lesion scores similar to those described for wild 
boar #53, which was euthanised on day 5 pi. Wild boar 
#57 also showed hyperaemia of the ocular mucosa, 
erythematous palatine tonsils, and gallbladder wall 
edema with petechiae on the mucosa.

Three of the four domestic pigs that reached the 
humane endpoint on day 9 pi (#37, #39, and #40) 
had a wider range of lesions, with higher scores than 
those observed in wild boar euthanised on day 6 pi, 
and in some instances lesions were only present in 
the domestic pigs but not in the wild boar (Figure  6). 
These included severe erythematous palatine 
tonsils (Figure  6A), hyperaemic ocular mucosa 
(Figure  6C), cutaneous erythema, and cyanosis in 
various areas, such as the pinnae (Figure  6E), snout, 
periorbital region, neck, ventral chest, dorsolateral 
skin areas, abdomen, scrotal sac, perianal area, 
tail, and distal limbs. These skin lesions were not 
observed in any of the wild boar on day 6 pi. Lesions 
such as hydropericardium, pulmonary congestion, 
alveolar oedema, hepatic congestion (Figure  6G), 
gallbladder wall oedema (arrow, Figure  6G), ascites 

(Figure  6M), perirenal oedema (arrow, Figure  6i), 
renal haemorrhages (arrowhead, Figure 6I; Figure 6N), 
hyperaemia, and petechiae in the urinary bladder 
(Figure  6K) or meningeal hyperaemia were also more 
severe and more frequently detected in domestic pigs. 
In addition, there was gastric mucosal congestion, 
petechiae and ecchymoses, as well as scattered necrotic 
areas in one pig (#39) (Figure 6O). For lymphoid organs 
such as the spleen, lymph nodes, and thymus, the 
severity of lesions was equivalent to that observed in 
wild boar, with mild to moderate splenomegaly with 
congestion and thymic atrophy in some animals, as well 
as generalised, severe haemorrhagic lymphadenitis. The 
fourth domestic pig, #38, displayed only mild lesions, 
such as cutaneous erythema and cyanosis, hyperaemic 
ocular mucosa, hyperaemia, and petechiae in the 
urinary bladder; ascites; meningeal hyperaemia; and 
mild lymphadenomegaly with oedema but without 
severe haemorrhagic changes.

Viral load in blood samples and nasal and rectal swabs
Blood samples from both domestic pigs and wild 
boar tested negative for ASFV by qPCR before virus 
inoculation and on days 1 and 2 pi (Figure 7A). In wild 
boar, a significant amount of the virus genome was 
detected in blood samples from one animal (n = 1/3) 
euthanised on day 3 pi (#51; 1.53 ×  105 copies/mL) and 
from all three animals (n = 3/3) euthanised on day 5 pi 
(up to 1.38 ×  109 copies/mL, #53). These two animals 
(#51 and #53) also exhibited the highest clinical scores 
and temperatures among all animals euthanised on days 
3 and 5 pi (Figures 2B and E). Wild boar that reached a 
humane endpoint on day 6 pi (#56, #57, #58, and #59) 
tested positive for the virus, showing higher viral loads 
(up to 1.13 ×  1010 copies/mL). In contrast, no virus 
genome was detected in any of the blood samples from 
the domestic pigs euthanised on day 3 or 5 pi. Among 
the domestic pigs that reached a humane endpoint on 
day 9 pi, only three (#37, #39, and #40) were viraemic 
from day 8 pi. The levels of viremia in the domestic pigs 
were high (up to 1.56 ×  1010 copies/mL in #40 on day 
9 pi) and similar to those detected in wild boar at the 
humane endpoint.

The level of virus shedding was evaluated by nasal 
and rectal swabs. No viral genome was detected in any 
of the swabs taken from virus-inoculated wild boar or 
domestic pigs euthanised up to day 5 pi (Figures 7B and 
C). However, high viral loads were detected in nasal 
swabs taken from the four wild boar euthanised on 
day 6 pi (up to 5.93 ×  105 copies/mL) and in 3 of the 4 
domestic pigs euthanised at 9 dpi (up to 2.94 ×  105 cop-
ies/mL), except for the domestic pig #38, which tested 
negative (Figure  7B). In the rectal swabs, the virus 
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genome was detected in only 3 of the 4 wild boar and 
domestic pigs euthanised on days 6 and 9 pi, respec-
tively (Figure  7C). An exception was wild boar #58, 
which also had the lowest virus loads in blood and nasal 
swabs. Both swabs of domestic pig #38 tested negative. 
At the time of termination, virus genome loads in nasal 
and rectal swabs were comparable between wild boar 
and domestic pigs that tested positive, ranging between 
 105 and  106 copies/mL. Blood samples and swabs (nasal 
and rectal) collected on 8 and 12 pi from mock-inoc-
ulated control animals tested negative for the virus 
genome.

Viral load in tissue samples
Viral loads in the palatine tonsils, right cranial lobe of 
the lungs, spleen, medial retropharyngeal, tracheobron-
chial, and gastrohepatic lymph nodes were assessed using 
qPCR. The virus genome was detected earlier in the wild 
boar than in domestic pigs, with detection as early as 
day 2 pi in one wild boar, while domestic pigs only tested 
virus-positive by day 5 pi (Figure 7D).

In the wild boar, the viral genome was detected in the 
spleen of one animal (#47) on day 2 pi, with a viral load of 
 106 copies/mg. At 3 dpi, all three wild boar were positive 
for the virus genome in at least one tissue, with consist-
ent detection of the virus in the medial retropharyngeal 
lymph node (MRPLN) in all three animals. Animal #51 
had the highest viral load, approximately  108 copies/mg. 
Similarly, on day 5 pi, the virus genome was detected in 
all tested tissues from wild boar, particularly with high 
viral loads in the spleen  (108 to  109 copies/mg) of MRPLN 
 (109 to  1010 copies/mg). In contrast, in domestic pigs, the 
virus was first detected at 5 pi and was detected only in 
the MRPLN  (105 to  107 copies/mg) at that time.

In both wild boar and domestic pigs euthanised on day 
6 and 9 pi, respectively, the viral genome was detected in 
all tested tissues. The MRPLN, spleen, and lung had the 
highest viral loads  (108 to  1010 copies/mg). However, in 
wild boar, the viral loads detected in the palatine tonsils 
 (105 to  107 copies/mg), gastrohepatic lymph nodes  (106 to 
 109 copies/mg), and tracheobronchial lymph nodes  (105 
to  108 copies/mg) were generally  101 to  103 times lower 
than those detected in domestic pigs, with the most note-
worthy difference observed in the tonsils.

Discussion
The present in vivo experimental findings demonstrated 
that wild boar were considerably more susceptible to 
infection than domestic pigs following intranasal expo-
sure to the highly virulent isolate Armenia 2007, as 
characterised by an earlier onset of viremia and detec-
tion of the virus in tissues, a shorter incubation period 
and higher body temperatures and clinical scores. This 

finding concurs with previous studies that pointed to a 
greater susceptibility of wild boar after oronasal infection 
[7–9]. Only one study to date, with a similar experimen-
tal approach, has studied the kinetics of disease in both 
subspecies after oronasal infection. However, although 
that study used a moderately virulent Baltic isolate, it also 
revealed a greater susceptibility of wild boar to ASFV 
[17].

In line with our study, previous research has consist-
ently shown that wild boar develop clinical signs shortly 
after oronasal infection. Highly virulent strains from 
the Caucasus region, typically within 2 to 5  days post-
infection [7, 8] and between 3 and 4 days post-infection 
following oronasal infection of wild boar with highly vir-
ulent isolates such as Belgium 2018/1 [18], or moderately 
virulent Baltic isolates such as Estonia 2014 [9, 17]. Unex-
pectedly, the results also revealed a lower weight gain in 
infected wild boar than in uninfected wild boar.

The period between the onset of clinical signs and the 
humane endpoint remained consistent at 3 days for both 
groups of infected animals that had to be euthanised on 
day 6 and 9 pi. While all four infected wild boar neces-
sitated euthanasia due to high clinical scores, only three 
out of four infected domestic pigs reached this prede-
fined endpoint. Previous research [18] showed that oro-
nasal infection of 1- to 2-year-old wild boar with the 
highly virulent Belgium 2018/1 isolate resulted in deaths 
between 8 and 10 days post-infection, leading to slightly 
longer clinical courses, possibly due to increased resist-
ance in older animals [26]. Conversely, and in line with 
our results, younger wild boar at 9 weeks of age that were 
oronasally infected with highly virulent strains from 
the Caucasus region survived for 5 to 9 days [7, 10]. For 
domestic pigs, experiments with weanlings (8 to 10 weeks 
old) infected intranasally with the highly virulent Georgia 
2007 isolate [27] or oronasally with the highly virulent 
Belgium 2018/1 isolate [19] showed incubation periods 
of 4 to 5 days, and survival times (8 to 10 days post-infec-
tion) were consistent with our study. However, variations 
were observed when, in the same experiment [19], 50% of 
18-week-old domestic pigs inoculated intranasally with 
Belgium 2018/1 either died between day 7 and 14 pi or 
recovered. On the other hand, limited research has indi-
cated that the age of wild boar does not affect the early 
onset of clinical signs following infection [28].

For domestic pigs, experiments with intranasally 
infected weanlings (8 to 10  weeks old) with the highly 
virulent Georgia 2007 isolate [27] or oronasally infected 
with the highly virulent Belgium 2018/1 isolate [19] 
showed incubation periods of 4 to 5  days, and survival 
times (8 to 10 days post-infection) were consistent with 
our study.
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The available literature describing macroscopic 
changes observed in experimental infections with isolates 
belonging to genotype II of wild boar and/or domestic 
pigs usually describes findings in advanced stages of the 
disease in animals, including at death or at the humane 
endpoint. This provides limited information that neither 
provides information on disease progression nor reflects 
the spectrum of disease severity, which can be quite 
diverse in field infections [7–10, 16–19, 27]. To address 
this gap in knowledge about host‒virus interactions and 
disease dynamics in the critical period immediately after 
infection, our experimental approach involved sequential 
euthanasia of animals beginning on day 1 pi. During 

this process, we systematically assessed the animals 
using established macroscopic evaluation protocols [24, 
29] to provide more precise information on affected 
organs, lesion types and severity to establish differences 
between animals and experimental groups in the early 
stages after infection. Such protocols could also be useful 
and easy-to-use tools for the early detection of disease 
during outbreaks, requiring only minimal training from 
veterinarians.

Notable macroscopic lesions were detected as early 
as day 3 pi, and both infected domestic pigs and wild 
boar showed characteristic lesions associated with acute 
ASF [24, 29]. These included lymphadenomegaly with 

Figure 7 Viral genome copies in blood samples (A), nasal swabs (B) and rectal swabs (C) taken from infected domestic pigs and 
wild boar. The individual values obtained are shown. Viral genome copies were determined by qPCR and are represented as the total number 
of genome copies per millilitre (y‑axis); (x‑axis): group of domestic pigs or wild boar euthanised or sampled on different dates after infection. 
Uninfected animals (CT) euthanised on day 12 pi are also shown; (D) virus genome copies in tissue samples taken from infected domestic pigs 
and wild boar; (y‑axis): genome copies per milligram; (x‑axis): individual identification of each domestic pig (DP) or wild boar (WB) euthanised 
on different dates after infection; (term): termination date after reaching the humane endpoint; MRPLN: medial retropharyngeal lymph node; TBLN: 
tracheobronchial lymph node; GHLN: gastrohepatic lymph node.
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petechiae in the submandibular, medial retropharyngeal, 
gastrohepatic, renal, and ileocecal lymph nodes. 
The medial retropharyngeal and sublumbar lymph 
nodes exhibited diffuse haemorrhages in some 
patients. Previous studies have primarily focused on 
the gastrohepatic and renal lymph nodes, where 
haemorrhagic lesions were observed in wild boar at 
different stages, ranging from as early as day 4 pi in 
experiments with scheduled sacrifices [17] to days 6–7 
pi, when animals reached a humane endpoint [8, 16, 18]. 
Other lymph nodes, such as the medial retropharyngeal 
lymph node (MRPLN), had not been assessed in prior 
studies. In our investigation, the MRPLNs consistently 
exhibited high viral loads along with macroscopic lesions. 
Given that lymphoid tissues such as tonsils and the 
MRPLN are responsible for immune surveillance of the 
oronasal environment, the gross lesions detected imply 
an early role in virus‒cell interactions, the host immune 
response and virus transmission.

There were significant differences in macroscopic 
lesions on day 5 pi. Wild boar displayed more severe 
and extensive changes, while in domestic pigs, lesions 
were milder. In contrast, domestic pigs that reached the 
humane endpoint exhibited markedly greater macro-
scopic scores than did wild boar euthanised at the same 
clinical endpoint, with a greater number of affected 
organs and more severe and extensive haemorrhagic 
lesions. Accordingly, while wild boar develop severe dis-
ease more rapidly and reach the clinical endpoint earlier, 
they develop less severe macroscopic lesions, underscor-
ing their greater susceptibility to ASFV.

The greater susceptibility of wild boar to early virus 
replication and spread could be related to their virological 
profile. While none of the infected domestic pigs 
euthanised up to day 5 pi showed viremia, one wild boar 
(#51) exhibited viremia on day 3 pi. In previous studies, 
oronasal infections with high-dose highly virulent strains 
originating from the Caucasus region [7, 10] or with 
moderately virulent isolates originating from the Baltic 
region [9, 16, 17] resulted in viremia at 4 to 5 days pi in 
wild boar. In oronasal infections of domestic pigs with 
the moderately virulent Baltic isolates viremia developed 
by 3 to 4  days pi [9, 16, 17], whereas with the highly 
virulent isolates Belgium 2018/1 or Georgia 2007 viremia 
developed by 6 to 7  days pi [19, 27], the latter more in 
line with our results. In our study, both wild boar and 
domestic pigs consistently showed the presence of the 
virus genome in the MRPLN on 3 and 5 pi, respectively, 
which underlines the role of the MRPLN in early virus 
replication following intranasal infection before viremia 
and demonstrates differences in virus replication kinetics 

between the two subspecies, with a delay in domestic 
pigs. However, notably, the tonsils did not serve as a 
main organ for viral genome detection on day 3 in wild 
boar or day 5 in domestic pigs, despite this organ being 
conventionally recognised as one of the initial key sites 
for ASFV replication and diagnostic sampling [30, 31].

As mentioned, the haemorrhagic MRPLN exhibited 
high viral loads at early stages after infection, demon-
strating its importance, together with tonsils, for the 
early detection of ASFV during post-mortem examina-
tions. Conversely, in lymph nodes with less severe haem-
orrhages, such as tracheobronchial or gastrohepatic 
lymph nodes, the early presence of the viral genome was 
not detected. Earlier studies on domestic pigs infected 
with highly virulent genotype I isolates suggested that 
the presence of haemorrhagic lesions in lymph nodes at 
3 dpi was not a result of viral replication in endothelial 
cells but rather the consequent activation and disruption 
of endothelial cells mediated by cytokines [21, 32]. A sim-
ilar pathogenic mechanism may explain the presence of 
haemorrhagic lesions in our animals before the detection 
of viral antigens in the lymph nodes, although further 
studies are required to confirm this hypothesis.

The viral genome remained undetected in nasal and 
rectal swabs from euthanised wild boar and domestic 
pigs up to day 5 pi. However, in the wild boar, moderate 
levels of the viral genome were detected on the day of ter-
mination (day 6 pi) and on days 8 and 9 pi in domestic 
pigs. This indicates limited virus shedding until shortly 
before death, coinciding with the peak viremia. These 
results are consistent with previous reports where low 
viral genome loads were detected in oral and faecal swabs 
from infected wild boar [7, 10, 16] and domestic pigs [9] 
between 3 and 5 pi, with higher genome loads detected in 
most infected animals from 6 pi onwards. Given that only 
a low viral dose is required to infect an animal [8], low to 
moderate virus shedding, as detected in our study, may 
suggest the potential for disease transmission through 
nasal secretions and faecal excretions, although only 
efficiently in the later stages of the disease. This means 
that in earlier stages of infection, transmission probably 
occurs more efficiently through contact with contami-
nated blood or tissues, biological materials where the 
virus is able to maintain its infectivity for several months, 
especially at low temperatures [33]. In this regard, wild 
boar carcasses persisting in the environment have been 
identified as a source of infection where the virus can 
persist for several months, and together with cannibalism 
in wild boar, this is considered to play a substantial role in 
the ASF epidemic. [34].
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In conclusion, our results demonstrate that wild boar 
are more susceptible to ASFV than are domestic pigs. 
The wild boar exhibited shorter incubation periods, 
earlier onset of clinical signs and hyperthermia, and more 
rapid development of severe and extensive haemorrhagic 
lesions. Moreover, wild boar displayed earlier viremia 
and an earlier presence of the virus genome in target 
organs. Notably, lymphoid tissues within the oronasal 
tract, including the medial retropharyngeal lymph nodes, 
were identified as key portals for ASFV infection and the 
establishment of systemic infection and disease following 
intranasal exposure. Recognising these different host 
responses in wild boar and domestic pigs is critical for 
designing effective control strategies such as vaccine 
development and understanding the dissemination of 
ASFV in different host populations. Further research is 
needed to uncover the genetic and immunological factors 
contributing to these differences.
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