
Reis Jr. et al; Transmission and pathogenesis of vesicular stomatitis viruses. Braz J Vet Pathol, 2009, 2(1), 49 - 58 

 

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br . All rights reserved 2007. 

49

   

 
 

 

Review article 
 

Transmission and pathogenesis of vesicular stomatitis viruses  

 

 

Janildo L. Reis Jr
1,2*

, Danny Mead
3
, Luis L. Rodriguez

4
, Corrie C. Brown

2 

 
1Laboratory of Veterinary Pathology, College of Veterinary Medicine, University of Brasília (UnB), Brasília, DF, Brazil. 

2Department of Pathology, College of Veterinary Medicine, The University of Georgia (UGA), Athens, GA, USA. 
3Southeastern Cooperative Wildlife Disease Study, The University of Georgia (UGA), Athens, GA, USA. 

4Plum Island Animal Disease Center, United States Department of Agriculture (USDA), Greenport, NY, USA. 

*Corresponding author: Janildo L Reis Jr, Campus Universitário Darcy Ribeiro, Faculdade de Medicina Veterinária,  

Universidade de Brasília (UnB), Brasília, DF, Brasil, Caixa Postal 4.508, CEP 70910-970. E-mail: janildo@unb.br 

 

Submitted March 6
th

 2009, Accepted March 27
th

 2009 

 

 
Abstract 

 

Vesicular Stomatitis (VS) is caused by Vesicular stomatitis viruses (VSV), negative single stranded RNA 

arthropod-borne members of the Family Rhabdoviridae. The VSV virion is composed of the host derived plasma 

membrane, the envelope, and an internal ribonucleoprotein core. The envelope contains a transmembrane glycoprotein, the 

G protein, which mediates viral entry and exit from the cell. The ribonucleoprotein core contains the viral genome encased 

within the nucleocapsid protein, the N protein.  The large protein (L), the nucleocapsid (N) and the phosphoprotein (P) have 

key roles in viral replication. The matrix protein (M protein), located between the envelope and the nucleocapsid core, 

participates in viral assembly, and particle budding. The VSV serotypes involved with disease in livestock are New Jersey 

and Indiana 1, 2 and 3. Serotypes New Jersey and Indiana 1 occur from USA through Central America to much of South 

America. Serotype Indiana 3 (or Alagoas) occurs in the North, Northeast and Central Brazil. The serotype Indiana 2 (or 

Cocal), occurs in Southern Brazil and in Argentina.  Outbreaks of VS in Brazil in recent years have resulted in severe 

economic losses. The clinical disease in horses, cattle, and pigs is characterized by vesicles in tongue, planum nasale, 

planum rostrale, coronary bands (CB) of the feet, prepuce, and teats. Subclinical disease, with seroconversion and lack of 

vesicle formation is common under natural conditions and can be induced experimentally depending on the site of 

inoculation. VSV infection typically involves cytolytic infection of mammalian host cells at specific sites of inoculation. 

Transmission can occur via infected insect bite but animal-to-animal contact could also be important in within-herd spread. 

There is some evidence to suggest that biting insects may play a role in the pathogenesis of VSV infection, although 

mechanisms of pathogenesis are not well understood. Viral spread seems to stop at the draining lymph nodes with no 

viremia. As a well-known in vitro producer of interferon, it is hypothesized that the host immune response to VSV infection 

may limit viral spread. A better understanding of pathogenic aspects could allow development of prevention and disease 

control strategies.  
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Introduction 

 

Vesicular stomatitis viruses (VSV), the causative agent of 

vesicular stomatitis (VS), cause clinical disease in multiple 

livestock species.  The viruses can spread quickly and have 

an important economic impact due to the high morbidity 

rates resulting in quarantine, animal movement restrictions, 

and decreases in production of meat and milk.  Another 

important aspect of the disease is the fact that VS in cows 

and swine is clinically indistinguishable from foot-and-
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mouth disease, and so all cases need to be investigated 

thoroughly.  This is particularly important in South 

America where programs to eradicate foot-and-mouth 

disease have been implemented. The presence of VS in a 

region can interfere with the international trade of animals 

and their products, such as meat, milk, semen, embryos 

and biotechnological products.  Vesicular stomatitis is 

restricted to the Americas with specific serotypes usually 

occurring in defined regions.  Vesicular stomatitis was 

previously considered a List A OIE disease, which carried 

with it mandatory international reporting requirements and 

severe trade restrictions, but now it has been reclassified as 

one of the more than 100 “listed diseases” according to the 

new OIE scheme.  Nevertheless, countries continue to 

monitor the presence of VS, and its presence can result in 

severe economic damage due to quarantines or trade 

embargoes.  The purpose of this paper is to provide a 

review of the literature on vesicular stomatitis focusing on 

the transmission and pathogenetic mechanisms.  

 

Etiology 

 

Vesicular stomatitis viruses are enveloped, 

nonsegmented, single negative-stranded RNA arthropod-

borne viruses (arboviruses) in the Genus Vesiculovirus, 

Family Rhabdoviridae (49).  They have a large bullet-

shaped (65-185nm) virion, and are the prototype virus for 

the family. The viruses have been extensively studied in 

vitro in numerous laboratories, largely as a tool to 

investigate the production of interferon.  However, the 

natural cycles and pathogenesis of the disease caused by 

the various serotypes in livestock have not been as well 

characterized (47).  There are two major serotypes of VSV:  

New Jersey (VSNJV) and Indiana (VSIV).  The serotype 

Indiana has been subdivided into three distinct serological 

groups. Indiana type 1 represents the classical Indiana 

strains (13).  Cocal virus (COCV) is the prototype virus of 

the Indiana 2 subtype and was originally isolated from 

mites collected from rice rats in Trinidad in 1961 and  in 

northern Brazil in 1962 (21).  Alagoas virus (VSAV) is the 

prototype virus of the Indiana 3 subtype and was first 

isolated from a mule in Alagoas, Brazil, in 1964 (3).  There 

are other vesiculoviruses that infect humans and that will 

cause lesions when experimentally inoculated into 

domestic animals, but with no importance to date in natural 

outbreaks in livestock.  These include Piry virus originally 

isolated from an opossum (Didelphis albiventris) in Brazil, 

Chandipura virus first isolated from a human in India, and 

Isfahan virus isolated from sandflies and humans in Iran 

(36, 48, 58).  These three viruses will not be discussed 

further in this review. 

The virion structure of VSV (Fig. 1), like all 

rhabdoviruses, is composed of an external phospholipid 

bilayer membrane (envelope) derived from the host cell 

and an internal ribonucleoprotein core.  The envelope 

contains the viral glycoprotein or G protein, an important 

transmembrane protein which forms an array of 400 

trimeric spikes. G protein is synthesized by membrane-

bound ribosomes, associates with the chaperones BiP and 

calnexin that assist in correct folding, and eventually 

undergoes glycosylation and acylation as it moves to the 

Golgi apparatus.  Once correctly folded and glycosylated, 

G protein migrates to the cell membrane (22, 49).  G 

protein mediates cell recognition and fusion (7, 30).  It is 

also important in determining specificity in induction of 

neutralizing antibodies according to serotype (29) and 

virulence among serotypes (30), where New Jersey is more 

virulent than Indiana, purportedly due to differences in pH 

dependent infectivity (31). The nucleocapsid core is 

composed of the viral genome tightly encased within the 

nucleocapsid protein (N).  N proteins are arranged as beads 

on a string along the viral RNA (Fig. 1), which form an 

RNase-resistant core environment. Because the VSV 

genome is negative stranded RNA, its replication relies on 

a viral RNA-dependent RNA polymerase, composed of the 

large (L) and phosphoprotein (P) protein molecules. The 

N-protein RNA complex interacts with P-L complex 

during viral transcription and replication. P protein in 

combination with the L protein forms the viral 

transcriptase-replicase complex. When P protein undergoes 

polymerization, it forms trimers that are required for 

binding of L and N-RNA complex to form the active 

transcriptase. The matrix protein (M) is located between 

the internal surface of the envelope and the nucleocapsid 

core. It has numerous functions, such as condensation of 

the nucleocapsid during assembly and viral particle 

budding. The viral N, L, P and M proteins do not change 

their composition among particles, whereas the 

transmembrane G protein can vary greatly among and 

within serotypes (49). 

 

 
Figure 1 - Adapted schematic structure of VSV (49). Note nucleocapsid 

core containing the single-stranded RNA, the N protein and the complex 

L and P protein. The envelope contains the transmembrane the G protein 

and the M protein in its inner surface. 

 

The replication cycle of VSV is typical for most 

of the negative-stranded RNA viruses (26) (Fig. 2). 

Following attachment, penetration, and uncoating the viral 

nucleocapsid is released within the cytoplasm. The viral 

genome, which is encased with the N protein, serves as a 
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template for initial transcription by the virion RNA-

dependent RNA polymerase, resulting in synthesis of 

leader RNA and all five viral mRNAs for the N, P, M, G, 

and L genes.  Once viral proteins are synthesized from 

primary transcripts, viral genome is replicated with 

synthesis of full-length positive strand RNA (antigenome), 

which serves as a template for synthesis of negative-strand 

RNA (genome). Genome encapsidation occurs at the same 

time as its replication. The early events of the replication 

cycle (attachment, penetration, uncoating, and primary 

transcription) take place within the first few hours 

postinfection. The remaining steps of the replication cycle 

(genome replication, secondary transcription and 

assembly) take 12 to 18 hours (26).  It has been proposed 

by some investigators that VSV uses a phosphatidyl serine 

as a cellular receptor (52).  However others suggest that 

VSV does not use phosphatidyl serine, because in most of 

the cells these molecules are found in inner portions of the 

plasma membrane and consequently are not available to 

act as a receptor for viral entry (9).  VSV attachment to 

host cells may use nonspecific electrostatic and 

hydrophobic interactions (4).  Lower pH also plays an 

important role in VSV attachment as well as viral 

membrane fusion (26). Lower pH alters G protein 

conformation which is required for fusion.  As for many 

other viruses, VSV penetration uses clathrin-dependent 

endocytosis into coated vesicles. The vesicle loses its 

clathrin coat and becomes an endosome, subsequently the 

pH drops below 6.5 and G protein mediates fusion of the 

endosome membrane with the viral envelope. This fusion 

leads to the release of the nucleocapsid into the cytoplasm 

where M protein dissociates from the nucleocapsid, which 

is necessary for viral RNA synthesis to occur (26). The 

primary transcription mediated by the virion-associated 

RNA-dependent RNA polymerase occurs in the absence of 

protein synthesis. For transcription viral genome 

associated with N protein is used as a template and 

requires L and P proteins. When P is phosphorylated, it 

forms P protein trimers that bind to L protein resulting in 

polymerase activity (49).  Transcription begins at the 3’ 

end of the genome, where a 47-nucleotide RNA called 

leader is first synthesized (49). 

 

 
Figure 2 - Adapted diagram of the life cycle of VSV (49). 1 – Binding to cell surface; 2 – Endocytosis; 3 – Fusion and uncoating; 4 – Transcription from 

(-) genomic RNA; 5 – G mRNA; 6 - Synthesis and glycosylation of G protein; 7 – Delivery of G protein to plasma membrane; 8 – N mRNA; 9 – P 

mRNA; 10 - M mRNA; 11 – M protein; 12 – M protein migration to the inner plasmatic membrane; 13 – N:P complex; 14 – (+) Replicate intermediate; 

15 – (-) Progeny genome; 16 – Formation of bud site; 17 – Budding, and 18 – Progeny virion. 

 

 

Host range and clinical signs 

 

Vesicular stomatitis viruses have a wide host 

range in animals, causing natural vesicular disease in 

equidae (horse, mule and donkey), cattle and pigs. 

However, the host range is considerably wider and 

evidence of infection with the various serotypes has been 

detected in a number of species, including South American 

camelids and many wild rodents. Serological surveys have 

shown that the virus circulates in bats and tamarin 

monkeys in Bahia State, Brazil (2). Experimental infection 

has been successful in domestic rodents, deer, raccoons, 

bobcats, and primates. Sheep and goats are more resistant 

and have rarely been affected (47, 48). Vesicular stomatitis 

is a zoonotic disease, and people have become ill through 

both natural infection (40) with reported cases of 

encephalitis (43) and via laboratory accidents (40, 45).  In 

ruminants and pigs, the clinical signs of VS resemble those 

of foot-and-mouth disease (FMD), and are characterized 

by initial vesicular formations that progress to erosions and 

ulcerations on the tongue, palate, gum, lips, snout (swine), 

teats, prepuce, interdigital space and coronary band. 

Humans usually do not present with vesicle formations; 

mild influenza-like signs are most commonly reported 

(60). Rodents develop systemic disease with viremia and 
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central nervous system lesions with no vesicle formation 

on the skin (6, 10, 20). 

 Because of the similarity to FMD in clinical 

and pathological presentation in cattle and pigs (22), a 

thorough and precise investigation must be done in all 

suspected VS cases, in order to rule out FMD (22).  

Furthermore, dual VSV and FMDV infections have been 

described from some herds of cattle and concomitant 

infection has been experimentally reproduced (36). In pigs, 

VS also has to be distinguished from other vesicular 

diseases, including swine vesicular disease (36). The latter 

has never been described in the Americas, but recent 

outbreaks in Europe have raised worldwide concern as a 

potential emergent threat. 

 The incubation period for VSV is variable but 

usually vesicles are visible within 24-72h after virus 

inoculation (19, 51, 56). Coinciding with the period of 

vesicle formation, infected animals are febrile and 

anorexic.  Recovery typically occurs within two to three 

weeks of vesicle formation, but there can be severe 

secondary infections that can result in laminitis in horses, 

and severe mastitis and teat scarring in dairy cattle (36, 

48). 

 

Epidemiology 

 

 Infection rates are variable among outbreaks; 

morbidity can be as high as 96%. In cattle and horses 

mortality is negligible (12). However, as previously 

mentioned, in horses laminitis can develop as a result of 

VSV infection and this may lead to euthanasia.  

 Vesicular stomatitis is only present in the 

American continent (36, 47) (Fig. 3). The New Jersey 

serotype accounts for 80% of the outbreaks in the U.S., 

and Indiana 1 for the remainder (16). In the U.S., the 

southwest and southeast are the areas where VS has been 

reported most frequently, with fewer reports in other 

regions in this country (44). The New Jersey serotype is 

also the most important serotype in Central America, from 

southern Mexico to Panama (60) and in the northwestern 

part of South America, such as Bolivia, Colombia, 

Ecuador, Peru and Venezuela.  In 2007, the disease was 

reported in 497 herds from these countries. Colombia 

reported 391 outbreaks where 364 were due to New Jersey 

and 27 due to Indiana 1 serotype (39).  

 In Brazil and Argentina, clinical disease 

associated with New Jersey and Indiana 1 serotypes has 

not been reported. Outbreaks of VS in these countries are 

caused by viruses serologically classified as Indiana 2 and 

3 serotypes (14). VSV-IN 3 occurs in regions of Brazil at 

1-2 year intervals and VSV-IN 2 outbreaks occur 

sporadically in southern Brazil and Argentina (14, 41).  A 

serological survey from 112 equidae from the Brazilian 

States of Pernambuco, Bahia, Goais and Rio Grande do 

Sul revealed 2.6% reactivity for the New Jersey serotype 

(2).  Therefore, even though no clinical disease associated 

with this serotype has been reported in Brazil, it is 

presumed that either VSNJV or a closely related and 

possibly undescribed vesiculovirus is circulating in those 

States.  Vesicular stomatitis virus Indiana 2 has been 

isolated from outbreaks in Sao Paulo State, in 1966 in 

Rancheria and in 1979 in Ribeirao Preto. Other large 

outbreaks due to the Indiana 2 serotype were reported in 

1998 in Santa Catarina and Parana States, in southern 

Brazil (http://www.panaftosa.org.br).  The Indiana 3 

serotype outbreaks are more frequently reported in 

northeast Brazil (1) and for a long time it was believed that 

this serotype was restricted in geographic distribution to 

this particular region. A virus related to Indiana 3 was 

isolated from naturally infected phebotomine sand flies in 

Colombia in 1986 (59) with serological evidence of viral 

circulation among livestock, but no clinical disease caused 

by Indiana 3 has been reported outside Brazil.  

 Outbreaks of VS occurred in Europe during the 

First World War and in South Africa from 1884 to 1943 

from horses exported from the U.S.(22).  Vesicular 

stomatitis no longer occurs in these areas. 

 

Transmission and pathogenesis 

 

Knowledge concerning the natural cycle and pathogenesis 

of VSV remains incomplete. Vesicular stomatitis virus 

transmission can occur in a number of ways and these are 

depicted in Fig. 4.  Under natural conditions, insect vector 

transmission and direct contact have been described.  

Experimentally, various routes have been tried with 

success, including intranasal, intradermal, intravenous 

(19), scarification of the skin (51) or oral mucosa (56), 

animal-to-animal contact (56) and biological and 

mechanical insect vector transmission (33). However, 

studies with VSNJV have demonstrated that the clinical 

outcome of these routes of inoculation varies considerably. 

Livestock can be experimentally infected with subsequent 

clinical disease (vesicle formation) when injection is 

intradermal at the coronary bands, planum nasale or oral 

cavity (8, 18, 19, 51). Intranasal instillation, intravenous or 

intradermal injection at the ear (19), scarification of the 

flank skin (51) or insect bite at the flank skin (42) results in 

subclinical (lack of vesicle formation) infection, with 

serocorversion. Viral shedding from tonsils is known to 

occur in pigs (19, 56). Also, virus inoculation via insect 

bite at sites where lesions are not observed in cattle result 

in subclinical infection (41). 

In general lesion development is restricted to the 

site of inoculation. However, in some studies, pigs 

inoculated at the snout via intradermal injection developed 

vesicles at the coronary bands as well (8, 56).  The authors 

of this study suggested a short-term viremia was present, 

even though it was not detected in their experiment or in 

any other in domestic animals to date.  Because vesicles 

promptly developed at the site of the inoculation (snout) in 

those experiments, the authors alternatively suggest that 

virus was mechanically introduced by the snout vesicle 

making contact with an abraded epidermal site (coronary 

band) or by shedding though saliva from tonsil infection. 
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In animal-to-animal contact studies (19, 56), 

naïve pigs became infected when housed with pigs 

inoculated with VSNJV intradermally on the snout. 

Contact pigs shed virus as early as 1 day after contact with 

inoculated animals. Contact animals developed lesions on 

coronary bands or snout.  In these same experiments, 

another group of animals was inoculated on the coronary 

bands with less severe vesicle formation than observed in 

the group inoculated at the snout.  Naïve animals housed 

with this group (inoculated on the coronary band) failed to 

develop clinical disease or seroconvert (19).  These studies 

demonstrate that the development of vesicular lesions is 

important for animal-to-animal contact transmission (19).  

They also demonstrated the importance of the site of the 

inoculation regarding the severity of lesion development 

and the fact that in order to have efficient animal-to-animal 

contact transmission prominent lesions (vesicles) are 

necessary. 

 

 

 
Figure 3 - Geographical distribution of vesicular stomatitis virus according to the World Organization for Animal Health (OIE) for the period of January 

to June of 2006 (37). 

 

 

Subclinical disease is frequently reported under 

both natural and experimental conditions. Epidemiological 

data reveals that up to 90% of animals within endemic 

herds can be seropositive for VSV with only 10% of 

animals presenting the typical clinical signs (vesicles) (15, 

17).  One possible explanation is that insect site 

predilections for feeding are at the flank, ear, and 

periocular areas, where viral inoculation does not result in 

vesicle formation (33).  The role of subclinical disease in 

transmission via insect or via animal-to-animal contact is 

not completely known.  Some investigators suggest that it 

could serve as source of transmission and spread of the 

virus in natural conditions (42).  However, it has been 

shown in experimental cases that it is necessary to have 

marked clinical disease, with evident vesicle formation, to 

successfully transmit the virus via animal-to-animal 

contact (19, 56) and also animal-to-insect (33).  

As with other arbovirus transmission cycles, 

insects are part of the natural life cycle of VSV. In 1969, 

Tesh and colleagues detected VSV Indiana 1 serotype in 

naturally infected sand flies (Diptera: Psychodidae).  

Numerous other reports of VSV infecting hematophagous 

insects such as black flies (Diptera: Simuliidea) (32, 34, 

35), mosquitoes (25) (Diptera: culicidae), and Culicoides 

(Diptera: Ceratopogonidae) (57) have since been 

published.  Experimentally, only sand flies have been 

shown to be capable of transovarial transmission (35, 60).  

Studies have demonstrated that black flies are competent 

VSNJV vectors with transmission resulting in the 

development of clinical disease in mice (35) and pigs (32).  

In one study, cows developed specific neutralizing 

antibodies following the bite of VSNJV-infected midges 

(Culicoides sonorensis) feeding on flank skin (42).  But in 

this experiment, although there was seroconversion, 

lesions were not observed and virus was never isolated 

from collected samples.  In 2000, Mead and colleagues 

demonstrated horizontal transmission of VSNJV in black 

flies. This report shows that uninfected flies became 

infected when co-feeding with infected flies on the same 

non-viremic host.  This finding provides a potential 

mechanism for maintenance of the virus in nature since 

viremia has not been reported in naturally or 

experimentally infected livestock. 
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A few studies have been done regarding 

pathogenesis of VSV in laboratory animals and some 

investigations have been done in livestock.  With the 

limited information available, the mechanisms of the 

disease appear to be markedly different between rodents 

and livestock.  As already mentioned, viremia has not been 

documented in naturally or experimentally infected 

livestock, and vesicular lesions tend to develop at the 

inoculation site on specific cutaneous or mucocutaneous 

regions (18, 19, 51, 56).  In contrast, viremia with 

encephalitis and meningitis are expected findings in 

rodents (6, 10).  Cornish et al (2001) infected young and 

adult Peromyscus maniculatus (deer mice), which is a 

natural host, via two routes - intranasal and intradermal - at 

the base of the tail.  In this experiment, all ages of mice 

inoculated intranasally developed encephalitis and 

meningitis.  However, in the group inoculated 

intradermally, young animals were the only ones to 

develop lesions in the central nervous system. No 

cutaneous lesions (vesicles) were observed in any of the 

two experimental groups. 

 

 

 
Figure 4 - Proposed natural cycle of vesicular stomatitis viruses based on current scientific information. Arrows indicate direction of virus transmission. 

Question marks indicate transmission routes presumed to occur but not documented in current literature.  

 

There are no studies focusing on the early 

pathological and host response events of VSV infections in 

livestock.  In experiments done with swine and horses, 

animals were followed past the point of seroconversion or 

after viral shedding had ceased.  At this time point, 

vesicular lesions were in healing stages and so no 

information was gained about the microscopic events 

occurring during the vesicular formation stage (19, 56).  

Howerth et al (2006) inoculated the VSNJV and Indiana 1 

serotypes independently in two groups of horses on the 

tongue, chin and lip, and euthanized the animals at 

postinoculation days 12 to 15.  There was partial to full 

reepithelization at the primary lesion (original site of 

inoculation) and superficial ulceration at secondary oral 

lesions (commonly observed when inoculation site is the 

oral cavity). Histologically, there was perivascular 

infiltration of plasma cells and lymphocytes with lesser 

numbers of neutrophils. Immunophenotyping revealed a 

mixture of BLA36 (which recognizes B lymphocytes), 

CD3 (which recognizes T lymphocytes) and MAC387 

(which recognizes histiocytes) positive cells.  Vesicular 

stomatitis virus antigens were not detected at the same 

sites, probably because samples were collected at a late 

stage of the disease. 

The ability of VSV to induce interferon (IFN) 

production has raised the attention of several investigators 

(5, 27, 28, 50, 61), who use VSV as a tool in various 

laboratory techniques for assessing interferon production. 

Isolates of VSV vary widely within and among serotypes 

in their ability to induce type I IFN production in chicken 

embryo cells (27).  In general VSNJV serotypes tend to 

induce higher levels of IFN when compared with Indiana 

isolates (27).  However, to date there are no studies 

assessing IFN or other cytokine production in livestock 

following any of the described inoculation methods, either 

fly bite or scarification.  A question that can be raised is 
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whether the infected host has a different cytokine response 

when inoculated via fly bite as compared with 

scarification.  A recent review of arboviral diseases 

describes how mosquito saliva enhances transmission and 

development of disease for numerous arboviral agents 

(53).  Specifically, mosquito salivary gland extract or 

mosquito bites enhance transmission and infection of 

different arboviruses in different systems (11, 38, 54) 

including VSV in vitro (23) and in vivo (mice) (24). 

Intradermal Aedes aegypti salivary gland extract and 

Sindbis virus co-inoculation in mice downregulated IFN-

gamma and IFN-beta at 24 and 72 hours postinoculation 

(55).  This same experiment demonstrated upregulation of 

IL-4 and IL-10.  The ability of mosquito saliva to 

downregulate the expression of TH1 associated antiviral 

cytokines and to upregulate TH2 associated cytokines in 

many arboviral diseases suggests that it would be 

worthwhile to determine if biting insects may be exerting 

similar effects in VSV-infected livestock. The generation 

of baseline data of host response regarding cytokine 

expression in cows inoculated via scarification and via fly 

bite could lead to a better understanding of the 

pathogenesis of VS in livestock.  

Preliminary results from a recent comparative 

study suggest that black flies have a facilitating component 

for viral replication (46). In this experiment two Holstein 

steers were inoculated at the coronary bands with VSNJV, 

one was inoculated via scarification and the other via 

infected black fly bite. Euthanasia and tissue collection 

were performed at 24 hours post-inoculation with coronary 

bands and local draining lymph nodes processed by in situ 

hybridization using an anti-sense riboprobe for VSV. 

Intense cytoplasmic staining of keratinocytes from the 

stratum spinosum as well as in scattered inflammatory 

cells in the superficial dermis was observed in the coronary 

bands from both animals. However, the draining lymph 

nodes of the steer inoculated with black flies revealed 

markedly higher number of positive cells when compared 

with the scarified animal, which presented scant positively 

staining cells. Positive in situ hybridization cells were 

mainly distributed within capsular and cortical sinuses in 

both animals. This study has shown for the first time in situ 

viral transcription and/or replication in livestock tissues at 

the inoculation site and most importantly at distant organs, 

draining lymph nodes (popliteal). This may be an 

indication that black flies have a component that enhances 

viral replication. 

 

Conclusion 

 

Although much is known about the VSV in cell 

culture, and in laboratory animals, and its abilities to 

produce IFN in vitro, the disease in livestock is much less 

well understood. Further exploration of transmission and 

pathogenesis in the natural host could improve our abilities 

to control this economically important disease of livestock 

in this hemisphere. 
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