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Abstract
Background: Aujeszky's disease is mainly a swine disease, still endemic worldwide. It can infect other mammalians, 
including human beings, and it is usually fatal with nervous symptoms. Ever since the disease was detected in 1988 in 
Argentina, many outbreaks have been reported involving both feral swine and dogs. 
Aim: At present, in Argentina, Pseudorabies virus (PRV) cases are sporadically reported; however, clinical cases are 
informed. This study aims to obtain information about the seroprevalence of PRV in wild boars and to isolate and 
characterize PRV from clinical samples.
Methods: From 2018 to 2019, 78 wild boars’ serum samples from Bahía de Samborombón natural reserve were 
analyzed for antibodies to PRV using a virus neutralization test. Clinical samples from 17 pigs, 2 wild boars, 1 dog, 
and 1 cat were collected from 2013 to 2019 for viral isolation and detection of the presence of the gD gene by PCR. 
For sequence analysis, the gC partial gene was amplified. 
Results: Five strains were isolated from the dog, cat, and swine samples. The new PRV strains identified were confirmed 
by BLAST analysis, which revealed between 99.74% and 100% of similarity to the NIA-3 strain and phylogenetic 
analysis of the partial gene encoding the gC protein revealed that the PRV strains have divided into two main clades, 
clade 1 and clade 2. 
Conclusion: This report informed that most new cases of PRV were detected in the central regions of Argentina, where 
pig production is concentrated. The study in Bahía de Samborombón revealed a high percentage of detection but, the 
sampling is not representative of that of the rest of the country. Therefore, a systematic sampling effort of wild boar 
throughout the country should be included in the national program control. Although in Argentina only the inactivated 
Bartha vaccine is allowed, recombination risk should not be ignored if attenuated vaccines are incorporated into the 
National control plan. The two strains, one from the cat and one from the dog sample, are directly related to infected 
swine. The information about clinical cases and molecular characterization of new strains is important for a better 
understanding of the dynamics of PRV and to promote preventive measures.
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Introduction
Pseudorabies virus (PRV), also called Suid herpesvirus 
type 1, is the causal agent of Aujeszky's disease 
affecting pigs as primary hosts and reservoirs of the 
virus. PRV causes several economic losses worldwide 
in the pig industry (He et al., 2019; Casades-Marti 
et al., 2020; Klupp, 2021). Eradication efforts in 
domestic swine were successful in many countries. 
Several parts of Europe: Austria, Cyprus, the Czech 
Republic, Denmark, Finland, France, Germany, 
Hungary, Luxembourg, the Netherlands, Sweden, 
Switzerland, Slovakia, Norway, and Great Britain; are 
free of disease in domestic pigs as well as Canada, New 
Zealand, and the United States. However, in other parts 
of the world, such as Eastern Europe, Latin America, 
Asia, and Africa, it is still endemic and is considered 
a high risk for swine production (Sehl and Teifke, 
2020). The emergence of novel PRV strains together 
with interspecies transmission can generate new strains 
with a higher potential risk of infection and could 
represent additional changes to eradication programs 
(Osterrieder, 2017; Ai et al., 2018; He et al., 2019; 
Metteinleiter et al., 2019; Yang et al., 2019b; Delva et 
al., 2020). 
Pseudorabies is primarily a swine disease, which is 
considered the natural host, although a diverse range 
of secondary hosts can become infected and develop 
the fatal neuronal disease (Casades-Marti et al., 
2020). Moreover, the evidence so far suggests that 
PRV infection may be an occupational risk and could 
cause disease in humans (Wong et al., 2019). PRV was 
reported in humans from patients in contact with swine 
or other domestic animals. Recently, PRV was detected 
in patients with encephalitis of unknown etiology who 
had been in contact with swine (Ai et al., 2018; Zhao et 
al., 2018; Wang et al., 2019; Yang et al., 2019a, 2019b; 
Sehl and Teifke, 2020).  
In Argentina, PRV was first detected by Ambrogi et al. 
(1981). After that, numerous outbreaks were reported 
in different parts of the country (Davido, 1981; Sager 
et al., 1984; Echeverría et al., 1991, 1992; Serena et 
al., 2018). In 2009, the National Veterinary Services 
(SENASA) implemented an eradication program for 
PRV (resolution SENASA N° 474/2009). This program 
includes three stages: 1) Epidemiological studies: 
prevalence determination and farm classification based 
on serological studies. Farms were classified as either 
free of disease, negative, infected, or under a control 
program. 2) Regionalization: based on the prevalence of 
positive farms and 3) Control and eradication measures: 
using vaccination and biosecurity improvement. 
Genetic farms (those which sell sows, boars, or semen) 
must be free of the disease determined by negative 
serological results taken every 120 days. Commercial 
farms with more than 100 sows must be checked by 
ELISA every 180 days. Since 2016, SENASA allows 
domestic swine vaccination with only one type of 
vaccine: virus-inactivated Bartha k61 gE- strain.

Multiple reports describe the detection of PRV in feral 
pigs and wild boars worldwide. Even in countries where 
domestic pigs are PRV-free, the virus is almost always 
present in an endemic form in wild boar (Moreno et 
al., 2015). In the USA, the successful eradication in 
domestic swine has been compromised; however, 
the presence of a reservoir of PRV in the expanding 
populations of feral swine is a major concern to the 
pork industry (Corn et al., 2009). The information 
about seroprevalence in wild boar in Argentina is 
unknown. Since 2009, SENASA and other institutions 
have carried out a few studies. One previous report of 
our group detected 62.5% of seropositive wild boars 
in 208 sera collected from 2013 to 2015 (Carpinetti et 
al., 2016). 
In relation to phylogenetic analysis, there was a clear 
distinction between the viral strains isolated from the 
Americas and those isolated from Europe. In previous 
studies, most of the strains isolated in Argentina 
were classified as genotype I according to BamHI 
DNA Restriction fragment length polymorphisms 
(RFLPs) (Serena et al., 2010). In addition, genomic 
characterization based on the partial gC gene revealed 
four different clusters (Serena et al., 2018). 
At present, in Argentina, PRV cases are sporadically 
reported. However, providing updated information 
about clinical cases and molecular characterization of 
new strains is important for a better understanding of 
the dynamics of PRV, as well as to promote preventive 
measures in the region.

Materials and Methods
Pig distribution and PRV regions according to 
prevalence 
In the last 10 years, swine production and population 
have been on a constant increase in Argentina. The 
Integrated Animal Health Management System (SIGSA) 
is a SENASA online informatics system that includes 
information regarding the number of farms, swine 
population, sanitary events, number of slaughtered 
animals, etc. Based on the SIGSA database, there are 
around 5,500,000 pigs, most of them (70%) concentrated 
in 5 provinces: Buenos Aires (1,338,815 pigs), Córdoba 
(1,291,783 pigs), Santa Fe (793,434 pigs), Entre 
Ríos (464,061 pigs) and Chaco (263,473 pigs). The 
productive structure is represented by the productive 
units (PUs) which are classified by the number of sows 
present in each of them. There are around 98,000 PUs 
in the country, and almost all of them (73%) have 10 or 
fewer sows each and are considered small producers or 
subsistence production containing 8.4% of the total pigs 
in the country. In addition, 24.5% of the total pigs in the 
country are included in the 0.1% of farms with 10,000 or 
more pigs. Geographically, Buenos Aires province has 
the highest percentage of PUs (17.2%) and pigs (24.4%), 
followed by the provinces of Córdoba (12.6% and 23.6% 
respectively) and Chaco (13.3% and 4.8% respectively) 
(Fig. 1a and b).
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Evidence of viral circulation in commercial farms 
is based on antibody detection in the context of the 
National Control Program. A commercial ELISA 
(IDEXX PRV/ADV gI or CIVTEST SUIS ADV gE 
Hipra), which differentiates infected from vaccinated 
animals, is routinely used. Commercial farms with 
more than 100 sows must be checked by ELISA every 
180 days from samples collected from sows and fattener 
animals. Thanks to this program, the different regions 
from the percentage of seroprevalence were detected. 
For that, a total of 12,919 samples were collected from 
1,003 farms, representing 97% of swine stock. 
Antibodies against PRV in wild boars
From 2018 to 2019, 78 wild boars were captured (22 
males, 39 females, and 17 not identified) from Bahía de 
Samborombón natural reserve, located in the Buenos 
Aires province. Serum samples were analyzed for 
antibody PRV detection using a virus neutralization 
test, according to Serena et al. (2018). 
Recent clinical cases reported in Argentina
Based on samples submitted to the participating 
laboratories of this study (Virology of the School of 
Veterinary Sciences of La Plata, Buenos Aires-INTA 
Marcos Juárez, Córdoba), from 2013 to 2019, only 

four positive clinical cases with PRV isolation were 
detected. All of them were inspected and reported by 
private practitioners, who collected and submitted the 
samples to the laboratories.
Case 1: Case 1 occurred in 2013 in a 50-sow backyard 
farm located in the Buenos Aires province. Typical PRV 
signs were detected in 60-day-old pigs and included 
neurological signs such as tremors, opisthotonos, and 
limb stiffness. Samples from the brain and trigeminal 
ganglia were collected at necropsy and sent to the 
Virology Laboratory of the School of Veterinary 
Sciences of La Plata, Buenos Aires. 
Case 2: Mortality associated with central nervous signs 
was reported in hunting dogs in the Neuquén Province 
in 2017. The head of two feral swine and a dog were 
submitted to the laboratory. Samples from the brain and 
trigeminal ganglia were analyzed. 
Case 3: Case 3 was detected in 2019 on a 100-sow 
farm located in the Santa Fe Province. The clinical case 
was characterized by the neurological signs in piglets 
(15 days old) that were detected. A cat from the farm 
was also found dead. Seven samples of the brain and 
trigeminal ganglia of piglets and the cat's head were 
submitted to the laboratory. 

Fig. 1. Swine and farms distribution in Argentina. (a) Swine distribution around the country; (b) the major area of 
swine production is shown in orange and the area intense orange covers the major number of PUs. Also, the locations 
of cases detected in this study are indicated by the animal's images. (c) Red and green color indicate the areas of the 
higher and minor percentages of PRV prevalence, respectively.
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Case 4: Case 4 was associated with an intensive 
swine farm. In March 2019, an increase in mortality 
in fattening pigs was noticed. In the following 2 
weeks, mortality also increased in the nursery and 
weaning pigs. These pigs showed central nervous 
and respiratory clinical signs (lethargy, opisthotonos, 
incoordination, anorexia, fever, and dyspnea). The farm 
owner reported the sudden death of several cats and a 
dog. The geographical location of each case and PUs by 
province is presented in Figure 1b.
PCR detection and phylogenetic analysis
In each laboratory, samples were individually 
processed, DNA was extracted using commercial kits 
(High Pure PCR Template Preparation Kit, Roche 
Diagnostics, Mannheim, Germany) and PCR was used 
to detect the gD gene. For sequence analysis, the gC 
partial gene was amplified as described by Serena et 
al. (2018). The PCR products were purified according 
to the manufacturer's protocols using Wizard SV Gel 
and PCR Clean-Up System (Promega, Madison, WI), 
and sequences on both strands were obtained by the 
Big Dye Terminator V 3.1 sequencing kit (Applied 
Biosystems, Germany) with the same primers used 
for amplification. The sequences were analyzed on an 
ABI3130XL genetic analyzer (Applied Biosystems, 
USA), at the Unidad de Genómica, INTA Castelar, 
Argentina.
The sequences obtained were edited using BioEdit 
software, version 7.2.1. In total, 110 PRV sequences 
from different geographical locations, including the 
old Argentine strains, were downloaded from GenBank 
(https://www.ncbi.nlm.nih.gov/genbank/ accession 
date 06/05/2022). Partial sequences of the gC gene were 
aligned in the MEGA X program, using the ClustalW 
algorithm (Kumar et al., 2018). The phylogenetic 
trees were constructed using the same program as the 
Maximum Likelihood method and JTT matrix-based 
model. The nucleotide sequences obtained in this study 
were submitted to GenBank.

Results
Regions of Argentina according to seroprevalence 
The first two stages of the eradication plan determined 
that the national prevalence of positive farms was 19.1% 
and that the disease was more prevalent in small-scale 
farms. The Northern region of the country including 
Jujuy, Formosa, Chaco, and Salta provinces, red color 
in Figure 1c, which is characterized by small-scale or 
subsistence production farms, and only represents 26% 
of PUs of Argentina, presented the major proportion 
of positive farms (45.2%). While a minor prevalence 
was detected in the two regions colored in green (dark 
green, 7.4%, and light green, 9.4%, respectively). The 
region in dark green represents the north of Santa Fe, 
Entre Rios, Corrientes, and Misiones provinces; and 
the region in light green includes the north of Cordoba 
province and Catamarca, La Rioja, Santiago del Estero, 
and Tucumán provinces. The percentage of farms 

located in each region is 16.9% and 18.6%, respectively 
(Fig. 1c).
Evidence of PRV circulation in wild boars
From the 78 serum samples collected, only 75 were 
useful for neutralization tests, as 3 of them were 
contaminated. The seropositivity of wild boars from 
the samples collected in Bahía de Samborombón was 
around 41%, most samples which tested positive were 
female. 
Phylogenetic and molecular analysis
The new PRV strains identified were confirmed by 
BLAST analysis, which revealed between 99.74% 
and 100% similarity to the NIA-3 strain (complete 
genome KU900059.1). The partial genomic sequences 
of the PRV gC reported in this paper are available 
on the NCBI GenBank database (https://www.ncbi.
nlm.nih.gov) under accession numbers: OP380625, 
OP380626, OP380627, OP380628, and OP380629. 
Sequence analysis revealed maximum nucleotide and 
amino acid sequence divergence of 3.08% and 12.79%, 
respectively, compared to the reference strains from 
GenBank. In addition, we analyzed and compared 
them at the amino acid level, the four sites involved 
in adaptive evolution after cross-host transmission 
among all Argentine strains and the Bartha vaccine 
strain. Thirteen Argentine strains have P to R change at 
position 75, V76A, V191D, and E194G. Furthermore, 
in comparison with NIA-3 and Becker, the Argentine 
strains were identical to the reference strains. Two 
Argentine strains, Mer strain (JF460028) and case 
3 swine, showed the same amino acids as the Bartha 
strain (Fig. 2).
Phylogenetic analysis of the partial gene encoding the 
gC protein revealed that the PRV strains have divided 
into two main clades, clade 1 and clade 2 (Fig. 3). The 
main difference between clade 1 and clade 2 is the 
presence of insertion from 59 to 65 amino acids only 
in Chinese strains belonging to clade 2, that it was also 
detected in strains isolated from human cases. Clade 
1 includes the major number of sequences analyzed 
and showed four separated groups named: G1, G2, 
G3, and G4. G1 included the European strains, a few 
Brazilian strains and a previously reported Argentine 
strain (JF460028); classified as genotype II by BamHI 
RFLPs (Serena et al., 2010). G2, G3, and G4 including 
the RFLP type I strains showed differences in position 
24 (S) and 25 (T) amino acids when comparing them 
with RFLP type II. G2 includes the Bartha vaccine 
strain, European strains, and one Argentine strain (case 
3 swine) that formed a separate group with wild boar 
strains. In addition, in G3 it is possible to observe 
three subgroups, named from a to c. Subgroup 3a 
includes a few strains from Italy and Brazil together 
with the Indiana S reference strain. The tree topology 
demonstrates that the new Argentine strains showed 
no differences from the oldest Argentine PRV strains. 
Three of the new strains (case 2 dog, case 3 cat, and 
case 4 swine) are grouped in the same subgroup (3b) 
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with the NIA-3 and Becker strains. One new Argentine 
strain (case 1 swine) is found more distant from the 
other Argentine strains and was grouped with the 
Brazilian strains and the USA strains (subgroup 3c). 
This subgroup was possibly formed because of an 
amino acid change (G59P) detected in 3c strains in 
comparison with 3b strains. Group 4 is formed by some 
strains from Spain, Germany, and France; all of them 
have a gap located in the 38–39 amino acid position, 
which makes them different from other strains which 
have GG.  

Discussion
The swine industry has had great growth in Argentina 
during the last decade. In addition, it couples high-
density farming with international trade, generating 
a higher risk of transmission and potential risk of the 
global spread of diseases (He et al., 2019). In Argentina, 
the number of swine has increased significantly, most 
of the intensive swine farms are located in the major 
production area of the country (central region). In 
contrast, about 92% of farms are represented by 
subsistence, small and medium producers that lack 
biosecurity and sanitary measures and control. In these 
kinds of farms, the contact between man, pig, and 
other domestic and feral animals is very close, which 
increases the risk of interspecies disease transmission. 

Nevertheless, these farms represent 20% of the 
country's pig population (https://www.argentina.gob.
ar/sites/default/files/110_1-caracterizacion_porcinos_
marzo_2022.pdf). The recent reports of human cases 
show evidence that people who work with swine, in 
particular in backyard production, should increase 
awareness of the risks of not using self-protection 
(Yang et al., 2019b). 
The seroprevalence of PRV reported by SENASA 
is about 19% and it is mainly associated with small-
scale farms of 11–50 sows. Besides, the highest 
seroprevalence was detected in regions with small-
scale or subsistence farms (IF-2022-74239096-
APN-DPYESA#SENASA). The low seroprevalence 
detected in commercial farms with more than 100 
sows suggests that the national eradication program, 
based on serological studies, vaccination, and passive 
vigilance, is in fact working. However, this report 
informed that the most recent cases of PRV were 
detected in the central region of our country where 
pig production is most concentrated. It is important to 
mention that all the cases came from small-scale farms 
that lack appropriate biosecurity measures, backyard 
farms. or wild boars. These findings suggest that the 
control program should be reformulated and directed to 
small-scale farms or wild boar reservoirs. 

Fig. 2. Analysis of amino acid sites involved in the adaptive evolution of PRV. The amino acid position 
(75, 76, 191, and 194) was analyzed and compared with Bartha, Becker, and NIA-3 reference strains. The 
changes are shown in the alignment with an arrow.
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In relation to PRV in feral pigs and wild boars, studies 
from the USA and Europe describe seroprevalence 
between 0.3% and 66% at the national or regional level 
depending on the sample size (Müller et al., 2011). In 
Argentina, neither national nor regional studies have 
been performed. Since 2009, SENASA evaluated sera 
samples of a wild boar for PRV detection. However, 
the number of samples and regions analyzed is low. 
The study in Bahía de Samborombón revealed a 
high percentage of detection, but the sampling is 
not representative of that of the rest of the country. 
Notwithstanding, it provides important information 
on PRV circulation in this population. Therefore, a 
systematic sampling effort of wild boar throughout the 
country should be included in the national program 
control. 
Recombination events have been reported in China 
in 2011, between wild strains and vaccine strains as 
well as the re-emergence of PRV in Bartha-vaccinated 
pig farms (He et al., 2019). Of the 15 strains of PRV 
reported in Argentina, 13 are closely related to the 
NIA-3 vaccine strain, and the risk of recombination is 
possible. Although in Argentina only the inactivated 
Bartha vaccine is allowed, recombination risk should 
not be ignored if attenuated vaccines are incorporated 
into the National control plan. In addition, these 

potentially recombinant strains may cause virulence 
enhancement, immune failure, and an increase in cross-
host transmission (Skinner et al., 2001). Interspecies 
transmission has been previously reported in Argentina 
(Serena et al., 2018). In this report, we detected and 
characterized two strains, one taken from a cat and one 
from a dog sample, directly related to infected swine. 
The genomic characterization of PRV strains 
originating from swine and other mammals might help 
better understand the population diversity and facilitate 
tracing the infection chain back to its origin (Sozzi et 
al., 2014). The gC gene is a major gene that has been 
commonly used for the phylogenetic analysis of PRV 
due to its high variability (Ye et al., 2015). According 
to other authors, the phylogenetic analysis of partial 
sequences of the gC gene is a suitable approach for 
PRV genotyping. In this report, the phylogenetic 
analysis showed similar patterns as described by others 
who analyzed the complete gene of gC (He et al., 
2019; Zhai et al., 2019). Furthermore, the molecular 
characterization of new Argentine strains showed 
no differences from the oldest Argentine PRV strains 
reported in our previous studies. The Argentine strains 
formed two different groups inside clade 1 related to 
NIA-3, Becker, and the USA strains. Moreover, one 
new Argentinian strain (case 3 swine) is closely related 

Fig. 3. Phylogenetic analysis of the partial gene encoding the gC protein. Maximum likelihood tree 
using JTT matrix-based model was constructed by MEGA X software. Groups and subgroups of clade 1 
are marked with circular lines. The sequences isolated in this study are indicated with a red dot.
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to wild boar strains, suggesting a possible origin from 
wild pigs. A few amino acid sites were identified with 
important functions related to the virus infection at cells 
and four of them are involved in adaptive evolution 
after cross-host transmission (Karger and Mettenleiter 
1993; Flynn and Ryan 1996; He et al., 2019; Zhai et 
al., 2019). This study involved all amino acid sites 
of gC described previously that contributed to the 
grouping of the strains. The case 3 swine in the amino 
acid positions 75, 76, 191, and 194 showed the same 
change of amino acid that wild boar strains forming a 
branch inside of the G2 group. Besides, all these amino 
acid sites were identical at the Bartha strain. However, 
case 3 cat maintained the amino acid sequence as 
older Argentinean strains included in this analysis, 
suggesting a domestic swine origin. The presence of 
PRV inside of farm-related to case 3 was demonstrated 
by the detected virus from animals with clinical signs 
according to disease. A distinct origin of these two 
strains is possible because the samples were collected 
from different animal species. Moreover, when the 
virus is active in a farm located in a major area of swine 
production, it is likely to detect different strains. 
This report provides important information about PRV 
in Argentina, which may lead to a better understanding 
of the dynamics of the virus. PRV infection is still 
present in the country, particularly in regions with small-
scale or backyard swine production. This situation will 
require sanitation and control strategies different from 
those recommended for intensive high-scale farms. 
Although PRV outbreaks in swine in Argentina are 
few, new strains were detected and while the molecular 
characterization of gC was suitable for carrying out our 
aim, in the future it will be necessary to include other 
genes for analysis more exhaustive. This report shows 
the importance in that continuing with control programs 
should be emphasized. In particular, programs that aim 
to eradicate a recent disease is considered zoonotic risk.  
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