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ABSTRACT 

 

 

Senecavirus A (SVA), Picornaviridae family, is the aetiological agent of a vesicular disease 

that is clinically indistinguishable from the other known vesicular diseases of the pigs, 

highlighting the foot-and-mouth disease, an animal disease of foremost epidemiological 

importance worldwide. SVA is the aetiological agent of two syndromes affecting different age 

groups of swine: Porcine Idiopathic Vesicular Disease (PIVD) and Epidemic Transient 

Neonatal Losses (ETNL). The objective of this study were to describe the gross, 

histopathological, immunohistochemical (IHC) and ultrastructural findings associated with 

natural infection by SVA, and to determine the possible tropism of the virus for different 

tissues of newborn piglets from Brazil. Autopsies of 54 piglets with clinical signs associated 

with ETNL were done. Of these, 80% (43/54) piglets contained the antigens of SVA IHC and 

SVA RNA was identified by Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 

for SVA. Most (81%; 35/43) of the piglets that died of ETNL were between 2-6 days of age. 

The most frequent macroscopic lesions during autopsy were liquid faeces (91%; 39/43), renal 

petechial haemorrhages (79%; 34/43), interstitial pneumonia (77%; 33/43), ulcerative lesions 

at the coronary band (35%; 15/43), oedema of the mesocolon (32%; 14/43), vesicles at the 

snout (30%; 13/43) and lymphadenopathy (28%; 12/43). Histopathology revealed ballooning 

degeneration of the urothelium of the bladder (100%; 43/43), urinary pelvis (95%, 41/43), 

atrophic enteritis (93%, 40/43), and nonsuppurative meningoencephalitis and plexus 

choroiditis (7%; 3/43). Positive immunostaining for SVA was observed at the endothelium 

and epithelial of the choroid plexus (CP) of the brain and in epithelial tissues of all organs 

evaluated, except in the lungs and lymphoid tissues. Transmission electron microscopy 

demonstrated hydropic degeneration of superficial enterocytes of the small intestine, hydropic 

degeneration, apoptosis, and endothelial necrosis of fenestrated capillaries and 

ependymocytes of the CP associated with intralesional viral particles consistent with SVA. 

This study has demonstrated that SVA is an epitheliotropic virus, has positive 

immunoreactivity for the transitional epithelium of the renal pelvis, ureter, urinary bladder, 

and with endothelial identification of viral antigens in the capillaries of the cerebral CP, 

tongue epithelium, and the superficial enterocytes of the small intestine. These results 

demonstrated that the ballooning degeneration observed in different tissue/organs were caused 

by SVA and suggest that the neurological signs observed in some piglets were due to SVA-

induced nonsuppurative meningoencephalitis. In addition, initial results suggest that SVA 

may act as an enterovirus, producing an initial enteric disease with subsequent neurological 

dissemination.  

 

Key words:  Central nervous system. Picornavirus. Seneca Valley virus. Swine. Vesicular 

diseases. 
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RESUMO 

 

 

Senecavirus A (SVA), família Picornaviridae, é o agente etiológico de uma doença vesicular 

clinicamente indistinguível das outras doenças vesiculares dos suínos, destacando-se a febre 

aftosa, doença animal de maior importância epidemiológica mundial. O SVA é o agente 

etiológico de duas síndromes, acometendo suínos de diferentes idades: Doença Vesicular 

Idiopática Suína (PIVD) e Perdas Neonatais Epidêmicas Transientes (ETNL). O objetivo 

desse estudo foi descrever os achados macroscópicos, histopatológicos, imuno-histoquímicos 

(IHQ) e ultra-estruturais associados a infecção natural por SVA e determinar o possível 

tropismo do vírus em diferentes tecidos de leitões neonatos do Sul e Suldeste do Brasil. 

Foram realizadas autopsias de 54 leitões com sinais clínicos associados a ETNL. Destes, 

(80%; 43/54) leitões foram positivos na IHQ e confirmados na transcrição reversa seguida de 

reação em cadeia da polimerase (RT-PCR) para SVA. A maioria (81%; 35/43) dos leitões que 

morreram por ETNL tinham entre 2-6 dias de idade. As lesões macroscópicas mais frequentes 

durante as autopsias foram fezes líquidas (91%; 39/43), hemorragias petequiais renais (79%; 

34/43), pneumonia intersticial (77%; 33/43), lesão ulcerativa na banda coronária (35%; 

15/43), edema de mesocólon (32%; 14/43), vesículas no focinho (30%; 13/43) e 

linfadenopatia (28%; 12/43). Na histopatologia foi observado degeneração balonosa do 

urotélio da bexiga (100%; 43/43), pelve urinária (95%; 41/43), enterite atrófica (93%; 40/43), 

meningoencefalite não supurativa e plexo coroidite (7%; 3/43). A imunomarcação positiva ao 

SVA foi observada no endotélio e células epiteliais do plexo coroide (CP) e nos tecidos 

epiteliais de todos os órgãos avaliados, exceto, nos tecidos pulmonar e linfoide. A 

microscopia eletrônica de transmissão revelou degeneração hidrópica dos enterócitos apicais 

do intestino delgado, degeneração hidrópica, apoptose e necrose do endotélio dos capilares 

fenestrados e ependimócitos do CP associados a partículas virais intralesionais compatível 

com SVA. Este estudo demonstrou que o SVA é um vírus epiteliotrópico, apresentando 

imunomarcação positiva para o epitélio de transição da pelve renal, ureter e vesícula urinária, 

endotélio dos capilares do CP cerebral, no epitélio da língua e nos enterócitos apicais do 

intestino delgado. Esses resultados demonstram que a degeneração balonosa observada em 

diferentes tecidos/órgãos foram causadas pelo SVA e sugerem que os sinais neurológicos 

observados em alguns leitões foram decorrentes da meningoencefalite não supurativa 

induzida pelo SVA. Além disso, os resultados iniciais sugerem que o SVA pode atuar como 

um enterovírus, produzindo uma doença entérica inicial com posterior disseminação 

neurológica. 

 

Palavras-chave:  Sistema nervoso central. Picornavirus. Seneca Valley virus. Suínos. 

Doenças vesiculares.  
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1 INTRODUCTION 51 

Senecavirus A (SVA), is the only representative of the genus 52 

Senecavirus, family Picornaviridae [1], and is the aetiological agent of an emerging 53 

infectious vesicular disease that is clinically indistinguishable from other known vesicular 54 

diseases of swine [2-9], such as foot-and-mouth disease, an animal disease of major 55 

epidemiological importance worldwide [10].  56 

This virus is the aetiological agent of two distinct but overlapping 57 

syndromes that affects swine of different age groups: Porcine Idiopathic Vesicular Disease, 58 

PIVD [3-5, 9, 11-16], and Epidemic Transient Neonatal Losses, ETNL [11, 12, 15, 17-19]. 59 

In 2014, outbreaks of PIVD were reported in piglets, as well as weaned 60 

and adult pigs from the largest pig producing States of Brazil [4, 9]. In 2015, SVA 61 

outbreaks occurred in the USA [13, 20, 21], and China [16, 22], with subsequent outbreaks 62 

in Colombia [8], and Thailand [6] in 2016. 63 

In contrast, ETNL, is a multisystemic disease of piglets that has multiple 64 

clinical signs including diarrhoea, sudden death [9, 11, 12, 15, 17-19], lethargy, and 65 

neurological manifestations [11, 12, 17-19]. It has an elevated mortality rate that varies 66 

between 30 to 70% [4, 9]. Usually, it ETNL has a sudden onset is transient, with vesicular 67 

lesions that may develop within two weeks of spontaneous outbreaks [23]. 68 

This study describes the clinical, gross, pathological, 69 

immunohistochemical, and ultrastructural aspects related to SVA-induced diseases in pigs. 70 
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2 LITERATURE REVIEW 71 

A systematic review of the clinical and pathological aspects  72 

of Senecavirus A-induced diseases
1
  73 

2.1 ABSTRACT  74 

Senecavirus A (SVA), a member of the Picornaviridae family, is associated with two 75 

syndromes: Porcine Idiopathic Vesicular Disease (PIVD) and Epidemic Transient Neonatal 76 

Losses (ETNL). This virus has tropism for epithelia, resulting in ballooning degeneration 77 

with subsequent vesicular formation. While PIVD is associated with vesicles and 78 

ulcerative lesions at the feet and snouts of pig regardless of age, ETNL is observed 79 

exclusively in piglets that are up to 10-day-old. The predominant histopathological 80 

findings in piglets with ETNL include ballooning degeneration of the urothelium of the 81 

renal pelvis, ureter, and urinary bladder, interstitial pneumonia, atrophic enteritis with 82 

vacuolization of the superficial enterocytes of the villi of the small intestine, lymphoid 83 

depletion of the lymph nodes and tonsil. Transmission electron microscopy demonstrated 84 

viral particles at the choroid plexus of one piglet that had nonsuppurative 85 

meningoencephalitis and choroid plexitis. Initial studies suggest that SVA may use the 86 

Trojan horse mechanism to enter the brain. The tonsils were considered as one of the 87 

primary sites of replication for SVA. In newborn piglets the period of viraemia was 88 

transient (3-7 days), and the peak of SVA genomic copies coincided with elevated piglets 89 

mortality due to ETNL. It is proposed that immunological piglet immaturity may be a key 90 

feature of viral replication, and that SVA probably acts as an enterovirus producing an 91 

initial enteric disease with subsequent nonsuppurative meningoencephalitis in piglets with 92 

neurological manifestations associated with ETNL, via the Trojan horse mechanism. 93 

                                                 
1
 This paper was written according to the guidelines of the European Journal of Clinical Microbiology & 

Infectious Diseases.  http://www.springer.com/biomed/medical+microbiology/journal/10096 Impact factor 

2.727. 
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2.2 KEYWORDS 94 

Central nervous system, Epidemic Transient Neonatal Losses, Picornaviridae, Seneca 95 

Valley virus, Swine. 96 

 97 

2.3 INTRODUCTION 98 

Epitheliotropic viruses induce the formation of vesicles that may progress to 99 

ulcers in epithelia and mucosae [10, 24]. Among the viral pathogens that cause vesicular 100 

diseases in swine, Foot-and-mouth disease virus (FMDV, Picornaviridae family), 101 

Vesicular stomatitis virus (VSV, Rhabdoviridae family), Swine vesicular disease virus 102 

(SVDV, Picornaviridae family), Vesicular exanthema of swine virus (VESV, Caliciviridae 103 

family) [25], and Senecavirus A (SVA, Picornaviridae family) must be highlighted [3-6, 8, 104 

9]. Vesicular diseases caused by these viral pathogens have great economic impacts on 105 

production animals, and are of extreme epidemiological importance due to the associated 106 

clinical signs [3, 5], that are not easily distinguished from those frequently observed in 107 

Foot-and-Mouth Disease, FMD [25, 26], which is an important global animal health 108 

problem with regular occurrence of disease epidemics [27]. 109 

The family Picornaviridae contains several pathogens that infects humans and 110 

animals [24, 27, 28]. Viruses within this family can cause a wide range of disease 111 

manifestations that are of variable severity in mammals, resulting in cardiac, 112 

gastrointestinal, hepatic, mucocutaneous, neurological, respiratory, and systemic diseases 113 

[28]. A comparative analysis of the forms of dissemination, incubations periods, and target 114 

tissues of viral agents of importance to pig farms worldwide is given in Table 1.  115 

In 2002, Seneca Valley virus (now renamed, Senecavirus A) was serendipitously 116 

isolated in the laboratories of Neotropix Inc. [2] that are located in the proximity of the 117 

Seneca Creek State Park, Gaithersburg, MD, USA [29], while cultivating adenovirus-5-118 

based vectors in the PER.C6 cell line (transformed foetal retinoblastoma), then known as 119 
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SVV-001. This virus accidentally contaminated porcine trypsin or foetal bovine serum [2], 120 

and was initially considered as non-pathogenic, and thereafter observed SVV-001 inducing 121 

selective cytotoxicity and high selectivity for in tumour cells of neuroendocrine features 122 

[30].  123 

Cases of vesicular disease of unknown origin, denominated Porcine Idiopathic 124 

Vesicular Disease (PIVD), were reported in swine herds, between 1979 to 2008, from 125 

different countries, including the USA [31, 32], Australia [33], Canada [34], Italy [35], 126 

New Zealand [36], and the UK [37]. In 2012, SVA was initially associated with PIVD in a 127 

six-month-old boar from Indiana, USA, that had vesicles at the oral cavity, coronary band, 128 

and ulcers on all hooves [7]. In 2014, SVA was associated for the first time with cases of 129 

PIVD in pigs from the feeding and finishing phases in several herds from different 130 

geographical regions of Brazil [4, 9, 17, 18]. 131 

The second syndrome, associated with SVA infection is known as Epidemic 132 

Transient Neonatal Losses (ETNL), which is characterized by diarrhoea, neurological 133 

signs, and sudden death in piglets up to 10 days of age [11, 12, 17-19], as the main clinical 134 

features. The objectives of this review are to discuss the clinical, gross, and pathological 135 

aspects related with SVA-induced disease syndromes in pigs. 136 

 137 

2.4 PICORNAVIRUS 138 

1.4.1 Physical Properties and the Virus Structure 139 

The name Picornaviridae is due to the small size of the virus (pico, a small unit of 140 

measurement [10
-12

]), and the type of nucleic acid that constitutes the viral genome 141 

(ribonucleic acid - RNA) [28]. Picornaviruses are approximately 25-30 nm in diameter, 142 

have an icosahedral non-enveloped capsid. The viral genome is composed of single-143 

stranded linear RNA with positive polarity, whose length may vary between 7 and 9 kb 144 

[38]. 145 
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Picornaviruses virions are spherical, and the particles consists of a non-enveloped 146 

RNA genome surrounded by protein, with a diameter of about 30 nm [28]. Replication of 147 

picornaviruses occurs exclusively within the cell cytoplasm [24, 28, 39]. The viral particles 148 

are deficient of a lipid envelope, are resistant to organic solvents [28], and can remain 149 

viable for several days and often weeks in the environment [27]. 150 

Each Picornavirus has specific requirements to successfully replicate and 151 

complete its cycle, including: (i) entry pathway, (ii) viral tropism, (iii) target cells, and (iv) 152 

pH. Simple and stratified epithelial cells and mucosa-associated lymphoid tissue 153 

(lymphocytes, macrophages, and dendritic cells) are generally used as targets cells by these 154 

viruses at the site of entry [40], resulting in cell-associated viremia or leukocytic 155 

trafficking [40]. Among the picornaviruses that affect pigs, FMDV is highly labile and 156 

rapidly loose its infectivity at a pH that is lower than 6.0 [28]. While cardioviruses, 157 

enteroviruses (except rhinoviruses) [28, 41], and teschoviruses are acid stable and retain 158 

their infectivity at pH values that are below 3 [28, 42]. 159 

The viral genome contains a single, long open reading frame, encoding a 160 

polyprotein that is cleaved to form 11 distinct proteins [24, 27, 28, 43, 44]. In addition to a 161 

leader peptide which is not always present, the polyprotein consists of three regions, 162 

designated P1, P2, and P3. The P1 region encodes the structural proteins composed of four 163 

proteins referred to as VP4, VP2, VP3, and VP1, that form the viral capsid [43, 45]. Three 164 

non-structural proteins form the polyprotein P2 (2A, 2B, 2C), and four non-structural 165 

proteins are the components of P3 (3A, 3B, 3C, 3D) [24, 27, 28, 43, 44]. The functions of 166 

the non-structural proteins encoded in P2 and P3 are not fully elucidated [43]. In all 167 

Picornavirus, the capsid proteins 1B, 1C, and 1D, non-structural proteins 2C, 3C, and 3D 168 

are completely conserved [45].  169 
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The first complete sequencing of the SVA genome occurred in 2008 [2], and these 170 

results have shown that SVA has close genomic similarity with Encephalomyocarditis 171 

virus (EMCV) and Theilovirus (TMEV), both of the Cardiovirus genus, with a sequence of 172 

similar polypeptides (P1, 2C, 3C, and 3D) [2]. The RNA genome of SVA consist of 7,280 173 

nucleotides, and the genomic regions 2A, 2B, 3A, and 3B of SVA differ significantly from 174 

those of all other known picornaviruses [2]. 175 

 176 

2.5 CHARACTERISTICS OF PICORNAVIRUSES OF IMPORTANCE TO SWINE 177 

The Picornaviridae family is composed of 40 genera [1, 45], and 94 species [46] 178 

that infect vertebrates [28]. Among these, the Aphthovirus, Cardiovirus, Enterovirus, 179 

Kobuvirus, Pasivirus, Sapelovirus, Senecavirus, and Teschovirus are viral genera of 180 

importance to pigs [24]. The methods of dissemination, target tissues, and disease 181 

processes of the main Picornaviridae of importance to swine are resumed in Table 1. 182 

Interestingly, most of these viral pathogens, except Aphthovirus, gain entry to the organism 183 

via the oral (or oral-nasal) pathway, and all produce lesions in epithelial structures. 184 

Cardiovirus, Enterovirus, Sapelovirus, SVA, and Teschovirus are associated with 185 

nonsuppurative encephalitis and/or meningoencephalitis in newborn and weaned piglets 186 

[17-19, 47-58]. In newborn piglets naturally infected with SVA that demonstrated 187 

neurological manifestation associated with ETNL, immunoreactivity to SVA by 188 

immunohistochemistry (IHC) was observed in the epithelial cells of the choroid plexus 189 

(CP) and ependymal cells of the lateral ventricle, with gliosis, neuronal necrosis, malacia 190 

of the brainstem, and perivascular cuffings. Furthermore, in 2017, our group observed by 191 

transmission electronic microscopy (TEM), that the endothelial cells of the CP and 192 

ependymocytes infected with SVA had ballooning degeneration, apoptosis or necrosis 193 

surrounded by virus particles of 17–30 nm in diameter morphologically compatible with 194 

SVA [19]. 195 
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2.6 SPECIFIC ASPECTS OF THE CENTRAL NERVOUS SYSTEM RELATIVE TO 196 

INFECTION BY SVA 197 

2.6.1 Blood-Brain Barriers Systems and Defence Mechanisms 198 

The central nervous system (CNS) is composed of the brain, spinal cord, optic 199 

nerves, and retina [59], and consists of blood vessels with structural peculiarities. The 200 

capillaries are unique, since they are surrounded by perivascular astrocytic fibers within 201 

the microcirculation, and form a barrier between the brain parenchyma and the vascular 202 

system [60, 61]. This result in the blood-brain barrier (BBB), an important anatomical 203 

structure, which constitutes the largest interface between the blood and the brain, and 204 

selectively limits the entry of molecules and the leucocytes into the meninges and to the 205 

brain [61-65]. 206 

The BBB is associated with: (i) selective transport of essential nutrients to the 207 

brain; (ii) defend the CNS from neurotoxic substances circulating in the blood; (iii) 208 

prevents entry of infectious disease agents (iv) and large proteins from the lumen of blood 209 

vessel; (v) ion regulation; and (vi) transport of gases in and out the CNS [62-66]. 210 

In addition to the BBB, there are other defence mechanisms of the brain, 211 

including: (i) the blood-cerebrospinal fluid barrier (BCSFB), that exist between the blood 212 

and the cerebrospinal fluid (CSF), which is formed by the CP and arachnoid, and (ii) the 213 

ependymal barrier along the brain and CSF, formed by ependymal cells and astrocytic feet 214 

processes [62, 64, 65]. 215 

The glia limitans located in the arterioles, capillaries and venules of the CNS, are 216 

separated from the endothelial layer by pericytes and smooth muscle cells forming the 217 

Virchow-Robin space, except in the capillaries, where this space does not exist [61, 65]. 218 

The close contact between astrocytes, resident cells of the CNS (neurons, microglia, 219 

oligodendrocytes, and other astrocytes) and with microcirculation vessels, results in the 220 
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activation of astrocytes, and the microglia during inflammatory processes, since these cells 221 

have an important role in innate and adaptive immune[67].  222 

The CP is composed of capillaries with fenestrated endothelia, a monolayer of 223 

epithelial cells, interconnected by dense tight junctions, which are supported by a thin 224 

stroma in the ventricular system [59, 68]. The main function of the CP is the production of 225 

CSF [59, 62, 64, 68]. The CP is located in the lateral, third and fourth ventricles of the 226 

brain [68], and protects these delicate structures as well as regulate metabolism and 227 

homeostasis in the CNS [59, 62, 64, 68]. 228 

Moved by pulsations of the CP and action of cilia on ependymal cells, the CSF 229 

circulates from the ventricles to the brainstem to cover the external surfaces of the brain 230 

and spinal cord, and serve as protection against mechanical shocks [59]. Reabsorption of 231 

CSF in to the blood occurs in the major veins of the superior sagittal sinus, through 232 

arachnoid granulations or villi [69]. 233 

It was previously thought that the immune privilege of the CNS was based on 234 

multiple factors, including: i) presence of the BBB; ii) lack of lymphatic drainage; iii) low 235 

expression levels of major histocompatibility complex  molecules class I and II; iv) 236 

absence of antigen-presenting cells [70]; and, v) many anti-inflammatory soluble 237 

modulators [62, 64].   238 

 239 

2.6.2 Lymphatic Vessels are Present in the Brain 240 

It was proposed that the immune privileged of the CNS is complex and not to 241 

absolute [66, 69, 71]. Neuroimaging done in the brain of the mouse has identified 242 

meningeal lymphatic vessels that drains the CSF and immune cells directly to the deep 243 

cervical lymph node [66]. This then suggest that the CNS is probably connected to the 244 

peripheral immune system through a network of lymphatic vessels present in the meninges. 245 
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The meningeal lymphatic system probably begins at the eyes and connects to the olfactory 246 

bulb before aligning to adjacent sinuses. These lymphatic vessels are in the transverse 247 

sinuses and the superior sagittal sinus [66]. 248 

The production of antibodies in the deep cervical lymph nodes four days after 249 

administration of a detectable antigen in the CSF, in which there was a peak in antibody 250 

production on the sixth day and that lasted up to 10 days after administration [71]. This 251 

same study, revealed that there was a small production of antibodies in the superficial 252 

cervical lymph nodes and spleen, at least sixth days post-administration. The first region 253 

affected in the deep cervical lymph nodes by the ink was the medullar sinus, suggesting 254 

that the antigen was phagocytosed and transported by macrophages via leukocytic 255 

trafficking [71].Immune privilege of the CNS is not the consequence of limited antigen 256 

[72]. Neuroinflammation and CNS autoimmune disease induce T cell accumulation in the 257 

CNS, demonstrating that there is continuous surveillance of CNS antigens in peripheral 258 

lymphoid tissues. T cells have high affinity for CNS antigens under various conditions, 259 

which indicates that immune privilege is not the result of limited antigen sampling [72]. 260 

Immune cells (B, T, and dendritic cells) were identified in the meningeal lymphatic vessels 261 

of healthy mice, suggesting that the meningeal lymphatics may participate actively in 262 

leucocytic trafficking [66]. Moreover, cell-mediated immunosurveillance of the CNS [66, 263 

69, 73], may have high affinity for antigens of the brain [72], and be fundamental in 264 

protecting these tissues against cancer [74], infections [75], and inflammatory processes 265 

[72]. 266 

 267 

2.7 INFECTIONS OF THE CENTRAL NERVOUS SYSTEM ASSOCIATED WITH 268 

PICORNAVIRIRUS  269 

Encephalitis and/or meningoencephalitis are histopathological findings frequently 270 

associated with several viruses of the Picornaviridae family, such as Cardiovirus [52, 54, 271 
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76], Enterovirus [55], Sapelovirus [47, 53, 57], Teschovirus [48-51, 58, 77], and 272 

Senecavirus [17-19]. These viruses are significant causes of morbidity and mortality, 273 

particularly in newborn piglets [17-19, 47-58]. 274 

Viruses can cross the BBB, and invade the CNS by different mechanisms [68]. 275 

The first is associated with transcellular traversal passage without evidence of disruption of 276 

the tight junctions between the cells as the virus crosses the cytoplasm. Secondly, there is 277 

paracellular traversal passage, which involves virus penetration between adjacent barrier 278 

cells with and/or without evidence of disruption of tight junctions [68, 78, 79]. Both 279 

mechanisms result in elevated levels of viremia and inflammation [80]. Furthermore, there 280 

is the Trojan horse mechanism, in which the virus penetrates the barrier by transmigration 281 

within infected phagocytes [68, 78, 79]. The Trojan horse mechanism has been proposed as 282 

the most likely method used by SVA to enter the brain and produces nonsuppurative 283 

meningoencephalitis in ETNL [19].   284 

 285 

2.8 PATHOLOGICAL SYNDROMES ASSOCIATED WITH SENECAVIRUS A IN 286 

SWINE 287 

2.8.1 Porcine Idiopathic Vesicular Disease 288 

2.8.1.1 Introduction and historical overview  289 

Outbreaks of PIVD were reported sporadically since 1979 [31, 33, 36]. In a herd 290 

from Florida, one adult swine had vesicular lesions on the muzzle and feet, but viruses 291 

were not identified in samples derived from vesicular epithelium, and clinical signs were 292 

indistinguishable from those observed in FMD [31]. 293 

In 2004, Amass and colleagues [32] reported outbreaks of vesicular diseases in 294 

sows, newborn piglets, and finishing pigs from several swine herds in Indiana, USA. These 295 

authors observed that diseased swine had one or more clinical signs including lameness, 296 

fever, lethargy, intact and/or ruptured vesicular lesions the oral and gingival mucosae, 297 
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tongue, snout, hoof, and coronary bands [32]. Viruses of classical vesicular diseases 298 

(FMDV, VSV, SVDV, and VESV) were not identified in this cases. The aetiological agent 299 

of this outbreak was not characterized, and because of its unknown aetiology, the disease 300 

was referred to as porcine idiopathic vesicular disease [32]. 301 

In 2007, pigs from a farm in Manitoba, Canada, transported to Minnesota, USA, 302 

developed vesicular and/or ulcerative lesions on the snout and the coronary bands, tissues 303 

separating from the edge of the coronary band and dewclaws. Approximately 80% of the 304 

187 affected  pigs had lameness, and four pigs (2%) were febrile [34]. These authors 305 

indicated that the vesicular lesions were indistinguishable from those of foreign vesicular 306 

animal diseases, but all testing were negative for FMDV, VSV, SVDV, and VESV [34]. 307 

This was the first identification of SVA RNA in an outbreak affecting pigs, but the 308 

pathogen was not associated with the disease observed in these pigs [34]. In fact, the first 309 

description of  SVA isolated from swine vesicular disease occurred in 2012, in a 6-month-310 

old boar at an agricultural exhibition in Indiana, USA [7]. The infected boar had a history 311 

of anorexia, lethargy, claudication with intact and ruptured vesicles and erosive lesions in 312 

the oral cavity, around the snout and coronary bands, with ulcerations of both limbs. The 313 

SVA was detected by reverse transcription-polymerase chain reaction (RT-PCR) from 314 

these vesicular lesions. This was the second study that identified SVA in vesicular disease 315 

of swine in which other classical infectious vesicular disease agents were not detected, 316 

confirming that these lesions were associated with SVA-induced infection [7]. 317 

Until early 2014, PIVD was a disease exclusively observed in swine, sporadically 318 

in young pigs, and not associated with pig mortality in any production phase [7, 31-36]. 319 

However, since late 2014, SVA-induced PIVD with associated vesicular lesions were 320 

identified in two states in China [16, 22], seven states in Brazil [4, 9], and nine states in the 321 
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USA [3, 5, 13, 14], and the disease occurred simultaneously in newborn piglets and adult 322 

pigs [5, 6, 8, 11, 12, 17-19, 23, 29]. 323 

Tousignant and colleagues (2017) [23], conducted an epidemiological 324 

longitudinal study with 34 parity sows and 30 suckling piglets from 15 litters, that had 325 

clinical signs associated with PIVD outbreaks. These pigs were analysed by real time 326 

quantitative RT-PCR (qRT-PCR), and had a high load of SVA RNA in the tonsil and rectal 327 

swabs from suckling piglets and sows, with the highest percentage of SVA positive 328 

samples up to six weeks post-outbreak [23]. 329 

 330 

2.8.1.2 Epidemiological findings   331 

Between 1988-2005, 12 different viral strains, serologically similar to the SVV-332 

001 prototype were detected by the National Laboratory of Veterinary Services  in Ames, 333 

Iowa, USA, in pigs, cows, and mice from different states (California, Illinois, Iowa, 334 

Louisiana, Minnesota, New Jersey, and North Carolina), of the USA suggesting that SVV-335 

001 and other strains are common and are widely distributed both in time and 336 

geographically in the USA [81]. In these seven states, more than 60 serum samples from 337 

farmers and non-farmers were evaluated, and one farmer had a serum neutralization title of 338 

1:8, demonstrating that humans are not probable hosts for SVA, confirming that this virus 339 

was not prevalent in human populations [30, 81]. 340 

The first outbreaks of SVA infection in Brazil were reported in 2014, but it was 341 

not known whether the virus was circulating in swine populations within this country. A 342 

retrospective serological investigation was performed by Saporiti and colleagues (2017) 343 

[82], using 594 serum samples collected before and after outbreaks of SVA. This study 344 

utilized 347 samples from 19 herds, between 2007-2013, and 247 samples from four herds, 345 

between 2014-2016, after the SVA outbreaks in Brazil. These investigators demonstrated 346 
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that all serum samples obtained before 2013 were negative for anti-SVA antibodies, with 347 

neutralizing antibodies to SVA being detected only in serum samples obtained after 2014. 348 

Moreover, after the SVA outbreaks in Brazil these herds had 36.4% (90/247) of positive 349 

serum samples (neutralizing antibody titter ≥ 64) from pigs with clinical signs of PIVD 350 

[82]. 351 

A study done with flies (Musca domestica) and mice (Mus musculus), from 352 

positive swine herds located in Minnesota, Midwest region of the US, and Santa Catarina, 353 

Southern region of Brazil [83]. The SVA was detected by qRT-PCR in faeces (19%; 5/27) 354 

and  small intestine (4%; 1/27) of the mice, suggests that these pests may play a role on the 355 

epidemiology of SVA [83]. Interestingly, mice can carry and, perhaps, viable SVA in 356 

faeces, and small intestine, suggest that these species may play a role on SVA 357 

epidemiology [83]. These results demonstrate that faeces is a route of elimination of the 358 

agent into the environment, and mice are natural hosts of the SVA, as previously noted by 359 

Knowles et al. who detected neutralizing antibodies against SVA in this species [81].  360 

The morbidity associated with PIVD seems to be different in distinct geographical 361 

regions, being 1.5-15% in Minnesota [83], 38-92% in Iowa [11], and 20 to 90% in 362 

Southern Brazil [4]. In fact, in 2015 there were a total of 200 cases in the entire USA, 363 

while in 2017, there were 300 cases in Wisconsin alone, where there is more trafficking of 364 

pigs [84]. It must be highlighted that Iowa, North Dakota, and Minnesota in the USA [85], 365 

and Southern the Brazil [86] are the largest pork producers in these countries.  366 

 367 

2.8.1.3 Clinical manifestations 368 

Affected breeding herds, feeding and finishing pigs infected with PIVD can 369 

demonstrate several clinical manifestations (Table 2). Clinic signs include lameness, 370 

lethargy, intact or ruptured vesicles, fever, coalescing erosions and/or ulcerative lesions on 371 



30 

 

 

 

the coronary bands, hooves, snout, footpad, interdigital area, and heel of the feet, dewclaws 372 

[3-5, 9, 23, 84], and reduced feed intake [23].  373 

Several outbreaks of vesicular disease associated with SVA-induced infections 374 

were described in pig herds from diverse geographical regions of the USA with effect from 375 

2015 [11-13, 20, 21]. Since most of these infections were diagnosed in boars, it may be a 376 

possible form of transmitting this disease to other countries through the commercial usage 377 

of semen [16], or other fluid contaminated with the agent, because SVA is a contaminating 378 

virus. 379 

During 2016, SVA-associated outbreaks occurred in countries that had no prior 380 

identification of PIVD; with infections being diagnosed in Colombia [8] and Thailand [6], 381 

with the spread of the disease to another state of China [22]. 382 

 383 

2.8.1.4 Pathological findings 384 

Ulcerative lesions of the coronary bands (Fig. 1A) and snout (Fig. 1B) are the 385 

most common pathological findings in PIVD [3, 4, 6-9, 11-13, 15, 29, 83, 84]. The most 386 

important histopathological features associated with PIVD are shown in Table 3, with 387 

atrophic enteritis and degenerative changes to multiple epithelia being some of the most 388 

frequently observed lesions in affected pigs.   389 

There are few studies that evaluated PIVD in adult pigs. Lymphoid hyperplasia in 390 

the tonsils, spleen (Fig. 1C), and lymph nodes were histopathologically described in 15-391 

week-old finishing pigs inoculated with SVA [3]. Other histopathological alterations are 392 

not commonly observed in pigs with PIVD [3, 5]. Lymphoid hyperplasia (Fig. 1D), 393 

probably correlated with immunogenicity of the SVA infection caused by high activation 394 

of B lymphocytes in plasma cells producing (64 to 4096 anti-SVA antibody titters) in 395 

spontaneous [82] and experimental studies with SVA [5, 87, 88].  396 
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2.8.2 Epidemic Transient Neonatal Losses  397 

2.8.2.1 Introduction and historical overview  398 

The first reports of ETNL occurred in November 2014 [9, 17, 18], in piglets from 399 

farms in Brazil, during which piglets that were less than 10-day-old were more frequently 400 

affected, with elevated piglet morbidity (up to 70%) and mortality (up to 30%) [4, 9]. One 401 

year later, new cases were diagnosed in pig farms from Brazil [17-19], China [16, 22], and 402 

the USA [9, 11, 12, 15]. 403 

Due to severe diarrhoea, piglets with ETNL can be easily confused or 404 

misdiagnosed with diarrheal-associated diseases caused by pathogens such as Porcine 405 

epidemic diarrhea virus, Transmissible gastroenteritis virus, Porcine deltacoronavirus, 406 

Porcine reproductive and respiratory syndrome virus, Escherichia coli, Porcine rotavirus, 407 

and/or Clostridium spp. [89]. Cachexia is not a clinical sign frequently observed in ETNL, 408 

and stomachs of affected piglets are frequently filled with milk when autopsied [18, 19], 409 

suggesting that feed intake is not a major problem in ETNL. 410 

 411 

2.8.2.2 Epidemiological findings 412 

Morbidity and mortality rates are significantly more elevated when compared to 413 

PIVD, especially in one to ten-day-old piglets [9, 11, 17]. Morbidity levels can attain 70% 414 

[9], but mortality rates are comparatively reduced, and may vary from 15 to 30% [4, 9, 15, 415 

19]. 416 

In contrast to PIVD, elevated mortality rates due to ETNL were observed in 417 

piglets worldwide [4, 9, 11, 12]. In the USA, 34% piglet mortality were identified in in 418 

farms from Minnesota [83], and with 29% mortality in Iowa [11]. In the USA, lesions were 419 

initially described in sows, and a week thereafter in piglets, with elevated neonatal 420 

mortality [12]. 421 
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Piglet mortality due to SVA in Brazil has been estimated as 20-30% in the 422 

Southern [17], and 30-70% in the Southeastern and Midwestern [9] regions of the country. 423 

In Brazil, ETNL seems to occur simultaneously in piglets and sows [4, 9], and not 424 

separated by one week as described in the USA. The reason for this one-week delay in the 425 

onset of disease between sows and piglets is unknown, but might be related to management 426 

practices that are characteristic to each geographical location. 427 

A phylogenetic study revealed that there are genetic differences in the genome in 428 

the three clades of SVA [90]. However, it is currently unknown, if the changes in the 429 

contemporary SVA strains may contribute to the emergence of SVA-associated diseases in 430 

various countries.  431 

 432 

2.8.2.3 Clinical manifestations  433 

The ETNL syndrome affects newborn piglets (0 to 10-day old), which have 434 

similar clinical signs as those observed in PIVD. The clinical signs in newborn piglets, 435 

especially those between three to seven days of age, are more severe [9, 11, 16-19], and 436 

coincide with the viral peak of SVA replication [3]. These clinical signs may include 437 

dehydration [23], lameness, weakness, lethargy, cutaneous hyperaemia, reluctance to 438 

suckle, sialorrhea, diarrhoea, neurological manifestations, and/or sudden death [9, 11, 12, 439 

16-19]. This syndrome has since been described in pig farms from Brazil [9, 15, 17-19], 440 

China [16, 22], and North America [11, 12, 15]. Table 2 summarizes the main clinical 441 

signs associated with ETNL. 442 

 443 

2.8.2.4 Pathological findings 444 

In our studies with newborn piglets naturally infected with SVA, we demonstrated 445 

that the main gross pathological findings associated with SVA are liquid faeces, lymphoid 446 
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hyperplasia (Fig. 2A), vesicular or ulcerative lesions on the lips (Fig. 2B), snout (Fig. 2B, 447 

2C), oral mucosa and tongue, coronary band (Fig. 2D), palmar/plantar regions, and sudden 448 

death [17-19]. In addition, we have demonstrated that SVA has tropism for epithelia, 449 

particularly the urothelium of the renal pelvis, ureter and urinary bladder, with severe 450 

ballooning degeneration (Fig. 3A), and hyperplasia of the epithelium (Fig. 3B) [17-19]. 451 

Additionally, the epidermis adjacent to vesicular lesions may have parakeratotic 452 

hyperkeratosis (Fig. 3C) with rete peg formation and ballooning degeneration [3, 7]. 453 

In some piglets with neurological manifestations associated with infection 454 

induced by SVA, observed nonsuppurative meningoencephalitis with cerebrocortical 455 

necrosis of the brain, rare malacia of the brainstem and perivascular cuffing formed by 456 

lymphocytes. In the CP, nonsuppurative choroid plexitis, with necrosis and ballooning 457 

degeneration at the fenestrated capillary, hyperplasia, necrosis and ballooning degeneration 458 

in ependymocytes can be observed [19]. 459 

 460 

2.9 POSTULATED PATHOGENESIS FOR SENECAVIRUS A 461 

Significant genetic diversity has been observed in SVA isolated from different 462 

countries and continents [4, 9, 16, 20, 34, 35, 91]. In comparison with other picornaviruses, 463 

the life cycle of SVA is not fully elucidated [3, 5]. Several studies have suggested that 464 

SVA has tropism for epithelia, resulting in ballooning degeneration which coalesce to form 465 

vesicles [3, 5, 17-19, 92]. The predominant histopathological features identified with SVA-466 

induced spontaneous infections were ballooning degeneration of the urothelium of the 467 

renal pelvis, ureter and urinary bladder, interstitial pneumonia, atrophic enteritis with 468 

vacuolization of superficial enterocytes of the villi of the small intestine, as well as 469 

lymphoid depletion of lymph nodes (unpublished data) and the palatine tonsil [17-19]. 470 

Using a combination of RT-PCR and IHC with newborn piglets [17-19, 92], we 471 

have demonstrated that there is hyperplasia of the epithelium of the CP cells in piglets with 472 



34 

 

 

 

(Fig. 4) or without nonsuppurative meningoencephalitis (Fig. 3D). Several studies have 473 

shown that there is a high genomic load of SVA at the tonsil of infected piglets [15, 92]; 474 

the palatine tonsils are drained by the regional lymph node (deep cervical lymph node) 475 

[71]. Moreover, SVA antigens were identified in the brain of piglets with nonsuppurative 476 

meningoencephalitis and neuronal necrosis and with clinical manifestations of neurological 477 

impairment, and TEM analysis confirmed the participation of SVA in the development of 478 

nonsuppurative choroid plexitis [19]. We have proposed that SVA enters the brain via the 479 

Trojan horse mechanism, probably by infecting phagocytes that dislocate from the deep 480 

cervical lymph node directly to the brain, via lymphatic vessels in the transverse sinuses 481 

and the superior sagittal sinus [66]. Experimental studies should be performed to validate 482 

this hypothesis. 483 

Interstitial pneumonia in domestic animals is a characteristic lesion that is 484 

frequently associated with viral agents and results in proliferation of type II pneumocytes 485 

and interstitial accumulation of lymphoplasmacytic infiltrate [93]. Our group has 486 

demonstrated that the lungs of naturally infected pigs have elevated loads of SVA (6.78-487 

9.96 log
10

 genomic copies per g of tissue) [92]. However, in situ hybridization has 488 

identified SVA in the alveolar septum of newborn piglets without evidence of 489 

histopathological alterations [15]. Moreover, we have detected high loads of the SVA by 490 

qRT-PCR, and positive immunolabelling of SVA by IHC (Fig. 4A-C) in piglets with 491 

interstitial pneumonia [92]. These findings suggest that SVA contributes actively towards 492 

the development of interstitial pneumonia in affected swine. 493 

Immunohistochemical studies have demonstrated that SVA has tropism for 494 

epithelia [19], and frequently there is positive immunostaining on the epithelium of the 495 

renal pelvis, ureter, urinary bladder, with endothelial identification of viral antigens in the 496 

capillaries of the cerebral CP, tongue, and the superficial enterocytes of the small intestine 497 
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by IHC [18, 19]. Collectively, these findings demonstrate the multisystemic nature of 498 

SVA. Moreover, vascular injury seems not to be the major histopathological findings 499 

associated with SVA, since there are no reports of vascular-associated diseases in ETNL or 500 

PIVD [3, 15, 17-19, 92]. Therefore, dissemination via the lymphatic system seems to be 501 

the most probably method of entry to affected tissues/organs and may explain the elevated 502 

viral load of SVA observed in lymphoid organs by ISH [3]. 503 

There are few descriptions of neurological signs with concomitant nonsuppurative 504 

meningoencephalitis in piglets infected with SVA [16, 18, 19]. How SVA enters the brain 505 

is not fully elucidated, but initial studies have suggested that SVA is probably transmitted 506 

via the faecal-oral route [19, 23], due to the identification of the viral particles within the 507 

superficial enterocytes of the small intestine by TEM [19] and antigens by IHC [18, 19], 508 

and simultaneously in the epithelia of the CP [19]. In addition, qRT-PCR has identified the 509 

highest percentage of SVA in the tonsil and rectal swabs of weaned pigs up to six weeks 510 

post outbreak [23]. This may suggest that SVA can be eliminated via faeces, and 511 

demonstrates the potential of this virus to disseminate within a farm during the movement 512 

of infected pigs with subclinical signs [23].  513 

In addition, the elevated high viral load of SVA was identified in the tonsils [3, 514 

92]. Experimental study has shown that the incubation period of SVA varied between 4-5 515 

days [3], which corresponded to the period of clinical signs and high mortality in 516 

spontaneously infected newborn piglets [19].
 
We have

 
shown that

 
lymphoid tissues, such as 517 

the tonsil and spleen, were associated with the highest SVA viral load, varying from 6.74 518 

to 10.38 log
10

 genomic copies per g of tissue [92]. In addition, experimental studies done in 519 

15-week-old finishing pigs, revealed positive immunolabelling for SVA in these lymphoid 520 

organs (mediastinal and mesenteric lymph nodes, spleen, and tonsil), and small intestine by 521 

ISH [3], suggesting that SVA uses these organs as likely entry portals to the brain, and may 522 
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result in nonsuppurative meningoencephalitis via CPs in piglets with neurological 523 

manifestations of ETNL [19]. These findings are suggestive of the oral-neurological 524 

dissemination of SVA as is characteristic of several neurotropic enteroviruses such as 525 

Porcine teschovirus [77], Poliovirus [94], and Enterovirus 71 [95]. 526 

The tonsils were considered as one of the primary sites of replication for SVA [3, 527 

92], and we have shown that superficial enterocytes [18, 19], and other lymphoid tissues 528 

(regional lymph nodes and spleen). The SVA may infect macrophages, B cells, T cells and 529 

dendritic cells, disseminate SVA via leucocytic trafficking. Dissemination of SVA to other 530 

tissues may also use this route, considering that viral RNA is constantly observed in the 531 

brainstem, cerebellum, cerebrum [17, 18, 92], heart, kidney, liver, lungs, small intestine, 532 

urinary bladder, spleen, tonsils [3, 17, 18, 92], large intestine, and the mediastinal and 533 

mesenteric lymph nodes [3], demonstrating that SVA is a multisystemic viral pathogen.  534 

The period of viremia associated with SVA is short (3-7 days) and transient 535 

followed by rapid reduction [3, 23], while the peak of SVA genomic copies (≈1×10
7
/mL) 536 

detected in serum on three days post experimental inoculation (dpi) with a subsequent 537 

progressive reduction up to 10 dpi [3]. In a study with 43 pigs naturally infected with SVA, 538 

most of the piglets (81%; 35/43) that died due to ETNL had between 2-6 days of age [19]. 539 

This may suggest that the clinical manifestations of SVA are more intense in newborn 540 

piglets, resulting in sudden death [9, 11, 16-19], partially due to the immature immune 541 

system of these animals at birth [19], and the absence of passive antibodies in the 542 

colostrum [96], or it may suggest that there is some interference with the active transfer of 543 

antibodies from infected sows to their immature offsprings. Further, immunological 544 

maturity of the pigs is attained between 5 and 7 weeks after birth [96], and may be the 545 

reason to explain the absence of  reports describing spontaneous death of pigs in the 546 

weaned, fattening or finishing phase, as well as in sows and boars. 547 
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With the use of transmission electron microscopy, we have demonstrated viral 548 

particles of SVA (Fig. 4) in the degenerated endothelial cells of fenestrated capillaries of 549 

the CP, with intraluminal accumulation of macrophages and lymphocytes in a newborn 550 

piglet with nonsuppurative meningoencephalitis, and have suggested that this lesions could 551 

have been induced by the leukocytic trafficking by means of fenestrated capillary of the 552 

CP, after an initial nonsuppurative choroid plexitis with subsequent damage to the BBB 553 

[19].  554 

Apoptosis is a defence mechanism of intrinsic and innate immunity to prevent 555 

viral replication [39, 40, 63]. The follicular hyperplasia observed in lymphoid tissues 556 

occurs due to intense immunological reaction due to antigenic stimulation, since viral 557 

replication stimulates the humoral response [88]. These findings may suggest that the SVA 558 

infection is highly immunogenic, since serum samples of naturally infected pigs high (≥ 559 

4096) anti-SVA antibody titters [82]. 560 

 561 

2.10 CONCLUSION 562 

The main lesions associated with SVA are vesicles and/or ulcerative dermatitis on 563 

the snout and feet. It must be emphasized that lesions on the coronary bands and 564 

interdigital spaces seem to occur before those on the snout, independent of the age of the 565 

affected pig. In newborn piglets, the peak of viremia appears to be associated with elevated 566 

mortality rates, suggesting that immunological immaturity is a key feature associated with 567 

the replication of SVA. Experimental studies must be conducted to elucidate the intricate 568 

mechanisms of death observed in ETNL. The nonsuppurative meningoencephalitis 569 

observed in piglets with ETNL was related to the presence of SVA in the brain, probably 570 

after an initial intestinal lesion, suggesting that this virus may produce encephalitis after 571 

enteric colonization, thereby acting as an enterovirus. Nevertheless, how the SVA enters 572 

the brain is not well understood, but the Trojan horse mechanism is been proposed. 573 
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Table 1. Comparative summary of the forms of dissemination, incubations periods, and target tissues of the principal Picornavirus of importance 873 

to pigs. 874 

 875 

Genus Virus name1 Dissemination  
Incubation 

period (days) 
Repication site  

Principal disease 

manifestations 

 

Aphthovirus  

 

Foot-and-mouth disease 

O (FMDVO) 

 

Respiratory tract [26, 27, 97, 98] 

 

 

2-14 [26] 

 

Virus replication occurs in the 

pharynx [27] 

 

 

Claudication, vesicles on the 

coronary bands of the feet and 

on the snout [27, 98] 

 

Cardiovirus Encephalo-myocarditis 1 

(EMCV1) 

Oro-nasal, viruses are thought to 

spread from tonsils [52] and 

epithelial cells of the intestinal 

tract [27] 

2-29 [56] The virus  can be isolated from the 

heart,  brain, small intestine, kidneys, 

liver, lungs, lymph nodes, pancreas, 

and spleen [52, 54, 76] 

 

Encephalitis, hind limb 

paralysis, myocarditis, and / or 

type 1 diabetes [52, 56, 76, 99-

102] 

Enterovirus Enterovirus E (EVE1) Oral [103] 

 

6-12 [28] Initial viral replication is presumed to 

occur in the tonsils and Peyer’s 

patches, with posterior multiplication 

in regional lymph nodes [103] 

  

Enteric [28], neurological [55, 

95, 104], and  type 1 diabetes 

[105]  

Sapelovirus Porcine sapelovirus 

(PSV1) 

Oral [53]  1-5 [53] The virus penetrates the intestinal 

barrier from the luminal side through 

destruction of enterocytes at the villi, 

initiating viral replication [53] 

 

Enteritis, pneumonia, 

reproductive disorders [53], 

and polioencephalomyelitis 

[47, 53, 57] 

 

Senecavirus Seneca Valley virus 

(SVV1) 

Probably, oro-nasal, viruses are 

thought to spread from tonsils [3, 

92] and epithelial cells of the 

intestinal tract [19] 

 

4-5 [5] Tonsils were indicated as one of the 

primary sites of replication [15, 92] 

 

Porcine Idiopathic Vesicular 

Disease [4, 5, 9, 13] and 

Epidemic Transient Neonatal 

Losses [5, 11, 15, 17-19] 

Teschovirus Porcine teschovirus 1 

(PTV1) 

Oro-nasal [27] 

 

4-28 [27] Primary replication in the tonsils and 

Peyer’s patches [27] 
Atrophic enteritis [49, 106], 

interstitial pneumonia [58, 

106], and  

polioencephalomyelitis [48-

51, 58, 77, 106] 

 

Legend: 
1
Official name as defined by the International Committee on Taxonomy of Viruses [1]. 876 
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Table 2 The relative frequency of the gross lesions described in swine infected by 877 

Senecavirus A in Epidemic Transient Neonatal Losses (ETNL) and Porcine Idiopathic 878 

Vesicular Disease (PIVD). 879 

 880 
 

Principal gross manifestations described 

 

ETNL PIVD References 

Concomitant vesicles at the muzzle with 

ulcerative lesions at the coronary band 
Frequent Frequent [5, 19, 34, 35] 

Faint rib impressions at the pleural surface of 

the lungs 
Frequent * [18, 19] 

Hypertrophy of Peyer's patch Not frequent * [19] 

Liquid faeces Frequent * 
[3, 11, 15, 17-19, 29, 

83, 107] 

Lymphadenopathy Not frequent Rare [16, 19, 88] 

Mesocolonic oedema Not frequent * [11, 19, 29] 

Renal petechial haemorrhage Frequent * [16-19] 

Skin abrasion at the carpus Not frequent Not frequent [5, 16, 18, 19] 

Sudden death Frequent * 
[3, 11, 15, 17-19, 29, 

83, 107] 

Ulcerative cheilitis Not frequent Not frequent [5, 19, 32] 

Ulcerative gingivitis Not frequent Not frequent [7, 18, 19, 32, 35] 

Ulcerative glossitis Not Frequent Frequent [15, 17-19, 29, 32, 35] 

Ulcerative lesion at the coronary bands Frequent Frequent 
[3-7, 11, 12, 15-19, 29, 

32, 34, 35, 83, 88, 91] 

Ulcerative lesions at the interdigital area * Not frequent [5, 12, 29] 

Ulcerative lesion of the hoof Rare Not frequent [3, 4, 11, 16-19, 29] 

Vesicles at the snout Frequent Frequent 
[3-5, 7, 11, 15-19, 29, 

32, 34, 83, 88, 91] 

Legend: *, not previously described is this category of pigs.  881 

 882 
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Table 3. The relative frequency of the histopathological lesions described in swine 883 

infected by Senecavirus A in Epidemic Transient Neonatal Losses (ETNL) and Porcine 884 

Idiopathic Vesicular Disease (PIVD). 885 

 886 
 

Principal histopathological features 

 

ETNL PIVD References 

Atrophic enteritis Frequent * [15, 17-19] 

Ballooning degeneration of the transitional epithelium 

of the bladder and of the epithelium of the renal pelvis 

Frequent * [18, 19] 

Cortical laminar necrosis, malacia and nonsuppurative 

perivascular cuffing of the central nervous system 

Rare * [16, 19] 

Follicular lymphoid hyperplasia of mesenteric lymph 

nodes 

Frequent Frequent [3, 19] 

Interstitial pneumonia  Frequent Not frequent  [16-19] 

Ballooning degeneration of keratinocytes with 

formation of intraepidermal vesicles 

Frequent Frequent  [3, 7, 15, 19] 

Lymphocytic myocarditis Not frequent Rare [16-18] 

Lymphoid depletion in tonsil Frequent Not frequent [15, 17-19] 

Necrotizing cheilitis Not frequent * [17-19] 

Necrotizing dermatitis at the hoof and snout Frequent Frequent [3, 7, 11, 12, 

15, 17-19, 29] 

Necrotizing gingivitis Not frequent * [17-19] 

Necrotizing glossitis Not frequent * [17-19] 

Neuronophagy of the central nervous system Rare Rare [16, 19] 

Nonsuppurative choroid plexitis Rare *  [19] 

Nonsuppurative hepatitis  Rare Rare [16-18] 

Nonsuppurative meningoencephalitis Not frequent Rare [16, 19] 

Nonsuppurative nephritis * Rare [16] 

Severe hyperplasia of the urothelium of the renal 

pelvis, ureters, and urinary bladder 

Frequent * [17-19] 

Vacuolization of superficial enterocytes Not frequent * [17-19] 

Legend: *, not previously described for this category of pigs.  887 

 888 

 889 
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 890 
Fig. 1 Gross findings observed in finishing and feeding pigs with PIVD. 170-day-old pig; 891 

ulcerative lesions at the plantar foot (yellow arrows), dewclaws (white arrows), and 892 

coronary band (black arrow) of the hindlimbs (A). Multifocal ulceration at the snout after 893 

rupture of older vesicles (black arrows); rupture a recently formed vesicle (yellow arrow) 894 

(B). Spleen with white pulp hyperplasia (C). 60-day-old pig; diffusely on the 895 

antimesenteric border of intestinal loops, there is marked hypertrophy of the lymphoid 896 

tissue (white arrows) (D). 897 

 898 
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 899 
Fig. 2 Gross findings observed in newborn piglets with ETNL. Five-day-old piglet; 900 

intestinal loops are diffusely congested and dilated by liquid feces and there is marked 901 

hyperplasia of the mesenteric lymph nodes (white arrows) (A). Six-day-old piglet, 902 

ulcerative lesion at the lower under lip (black arrrow) and necrotizing dermatitis at the 903 

muzzle after rupture of a vesicle (white arrow) (B). Four-day-old piglet; there is intact 904 

vesicle the snout (black arrows) (C), ulcerations and crusting lesions at the  metacarpus and 905 

coronary band (white arrows) of the forelimbs (D).  906 

 907 

  908 

v

A 
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 909 

 910 
Fig. 3 Histopathological findings observed in newborn piglets naturally infected by SVA. 911 

Ureter, there is diffuse, severe hyperplasia and ballooning degeneration of the urothelium. 912 

Insert: higher magnification of hyperplasia and ballooning degeneration urothelium (A). 913 

Urinary bladder, observe hyperplasia and ballooning degeneration of the transitional 914 

epithelium (B). Epidermis of the nasal planum; there is ballooning degeneration (*) of 915 

keratinocytes at the stratum spinosum with the formation of intraepidermal intact (black 916 

arrow) and rupture (red arrow) of vesicles (C). Haematoxylin & Eosin stain. Choroid 917 

plexus, there is mild hyperplasia and ballooning degeneration of ependymocytes (black 918 

arrows), as compared with normal (red arrow) ependymocytes (D). Periodic Acid Schiff 919 

stain. Bar, A and C 200 μm; B and D 50 μm.  920 
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 921 
Fig. 4 Semithin and transmission electron micrograph of the choroid plexus of newborn 922 

piglet naturally infected with SVA. There is moderate hyperplasia of ependymocytes 923 

(black arrows), as compared with normal (red arrow) ependymocytes in a nonsuppurative 924 

choroid plexitis. Observe severe accumulations of macrophages and lymphocytes admixed 925 

with fibrin in the lumen of a venule, and ballooning degeneration of ependymocytes next 926 

to venule (A). Negatively stained cytoplasm of ependymocytes observe Golgi complex 927 

degeneration surrounded by aggregates of viral particles (B). New methylene blue stain. 928 

Bar, A - 50 μm; B - 1 μm. 929 

 930 
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 931 
Fig. 5 Immunohistochemical detection of antigens of SVA in epithelial tissues of newborn 932 

piglets. Lung; there is positive immunostaining (black arrow) at the respiratory epithelium, 933 

at the goblet cells (white arrow) and bronchial glands (*) of the bronchus (A). Observe 934 

immunoreactivity to SVA and vacuolization of respiratory epithelial cells of the bronchiole 935 

(B) and is positive immunolabelling of SVA at chondrocytes the hyaline cartilage (C). 936 

Immunoperoxidase. Bar, A-C 50 μm. 937 

  938 
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3 OBJECTIVES 939 

 940 

3.1 GENERAL OBJECTIVE 941 

 942 

 The purpose of this study was to describe the gross, histopathological, 943 

immunohistochemical (IHC), and ultrastructural features, as well as to determine 944 

the tropism of Senecavirus A (SVA) in different tissues of neonatal piglets with 945 

epidemic transient neonatal losses (ETNL). 946 

 947 

3.2 SPECIFICS OBJECTIVES 948 

 Describe gross findings that are more frequently identified in piglets spontaneously 949 

infected with ETNL; 950 

 Characterize the lesions caused by SVA in new born piglets affected by ETNL 951 

using histopathological, IHC, and transmission electron microscopy techniques. 952 

 953 

 954 

 955 

 956 

 957 

 958 

 959 
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4 ARTICLE - HISTOPATHOLOGICAL, IMMUNOHISTOCHEMICAL, AND 

ULTRASTRUCTURAL EVIDENCE OF SPONTANEOUS SENECAVIRUS A-

INDUCED LESIONS AT THE CHOROID PLEXUS OF NEWBORN PIGLETS 

 



 

 

 

 

56 

 



 

 

 

 

57 

 



 

 

 

 

58 

 



 

 

 

 

59 

 



 

 

 

 

60 

 



 

 

 

 

61 

 



 

 

 

 

62 

 



 

 

 

 

63 

 



 

 

 

 

64 

 



 

 

 

 

65 

 



 

 

 

 

66 

5 CONCLUSION 

 

 Vesicular and/or ulcerative lesions at feet and snout, often concomitantly, were the 

most frequently observed gross features. 

 Kidney with renal pelvis, urinary bladder, brain containing CP, vesicular and/or 

ulcerative lesions at feet and snout, oral mucosa, small intestine are the tissues of 

choice for diagnosis of SVA. 

 Immunohistochemistry using the SVV-60 monoclonal antibody for the detection of 

SVA antigens in different organs of the pig was successfully standardized, 

demonstrating that it is a specific technique for the diagnosis of this viral infection. 

 SVA has been shown to be an epitheliotropic virus, presenting high occurrence in 

choroid plexus epithelium, oral mucosa epithelia, urothelium of the renal pelvis, ureter 

and urinary bladder. 

 The ballooning degeneration observed in different tissues/organs and the vacuolization 

of superficial enterocytes were caused by SVA, as confirmed by transmission electron 

microscopy. 

 The neurological signs observed in some piglets with ETNL were due to non-

suppurative meningoencephalitis induced by SVA.  
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APPENDIX 

PUBLISHED ARTICLE- CLINICAL MANIFESTATIONS OF SENECAVIRUS A 

INFECTION IN NEONATAL PIGS, BRAZIL, 2015 
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PUBLISHED ARTICLE - PATHOLOGICAL, IMMUNOHISTOCHEMICAL AND 

MOLECULAR FINDINGS ASSOCIATED WITH SENECAVIRUS A - INDUCED LESIONS 

IN NEONATAL PIGLETS 
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