Chapter 1: Literature Review 

I. Malignant catarrhal fever viruses- Introduction
Malignant catarrhal fever (MCF) is a lymphoproliferative and inflammatory syndrome that affects many species of Artiodactyla.  This syndrome is caused by several gammaherpesviruses within the rhadinovirus subgroup.  The disease, which is often fatal, has been most often described as affecting species of the subfamily Bovinae and family Cervidae, but is also recognized in domestic pigs (Bedelian, 2007; OIE, 2004).  
II. Gamma herpesviruses
An emerging subfamily of Herpesviridae, the host range of the Gammaherpesvirinae family is limited to the family or orders to which the natural host belongs.  Viruses in this group are usually specific for T or B lymphocytes, and latency is frequently established in lymphoid tissue (Fields et al., 2001).  Unlike alpha or beta herpes viruses, which seem to prefer lytic replication, gammaherpesviruses seem to favor the initial establishment of latency, while only a subset support lytic replication.  The outcome of infections with these viruses depends not only on the virus but also the targeted animal species and the cell type infected (Ackermann, 2006).    In recent years many new gammaherpesviruses have been discovered and classified (McGeoch et al., 2005).
The Gammaherpesvirinae subfamily has been divided into two genera: Lymphocryptovirus and Rhadinovirus (Fields et al., 2001).  The Lymphocryptovirus genus contains Epstein-Barr virus, and several other lymphocryptoviruses of primates.  The Rhadinovirus genus contains herpes viruses with hosts of many mammalian taxa.  Many of these viruses are of interest for medicine, veterinary medicine and biomedical research (Ackermann, 2006).  There are many similarities between the two genomes.  Given these similarities and the restriction of lymphocrytoviruses to primates, it is proposed that lymphocryptoviruses may have evolved from an early primate rhadinovirus (Knipe et al., 2001).  
Gammaherpesviruses share many genes with limited or less obvious representation in the genomes of other herpes viruses.  These include genes that encode several immediate-early or early regulators of viral gene expression, an anti-apoptotic Bcl-2 homolog, and two integral membranes (in EBV designated LMP1 and LMP2)(Knipe et al., 2001).   Lymphocryptoviruses and rhadinoviruses have analogous, nonhomologous cis-acting DNA sequences and transacting nuclear proteins necessary for persistence of the genomes as episomes in dividing cells.  The genomes of these genera are much more related than to other alpha or beta herpesviruses (Knipe et al., 2001).  

A.  Lymphotropic viruses (-1 group)
The -1 genomes share similar structure and genome organization.  Common structural features include: 0.5-kbp terminal, 3-kbp internal and short internal tandem direct repeats.  In addition the -1 open reading frames encode colinearly homologous, antigenically related, structural and nonstructural proteins.  These well conserved genes encode nuclear and integral membrane proteins important for latent B-lymphocyte infection and cell growth transformation, genes that encode two small non-polyadenylated RNA’s, genes that encode an interleukin-10 homolog, and a gene that encodes a glycoprotein that binds to a B-lymphocyte surface protein, CD21.  An important feature of the -1 viruses is that they are able to efficiently immortalize the B-lymphocytes of their natural host (Knipe et al., 2001).

B.  Rhadinoviruses (-2 group)
Rhadinoviruses have highly reiterated direct terminal repeats, and lack long internal direct repeats.  Most -2 viruses have cellular genes including dihydrofolate reductase, interferon regulator factors, G-protein coupled receptors, chemokine analogs, and a cyclin homolog in common.   These genes have not been detected in -1 viruses.  Unlike -1 viruses, -2 viruses are unable to immortalize B lymphocytes of their natural host (Knipe et al., 2001).  
MCF is characterized by recognition of lymphoid cell accumulations in nonlymphoid organs, vasculitis T-lymphocyte hyperplasia in lymphoid organs, profuse nasal and ocular discharges, and keraconjunctivitis with corneal opacity (Bedelian, 2007; OIE, 2004)).  Several rhadinoviruses have been identified within the MCF virus group, four of which are known to be pathogenic (Li et al., 2003a).

III. Malignant Catarrhal Fever viruses as Interface diseases
The interaction of domestic animals and wildlife is increasingly becoming an issue of concern with regard to the spread and emergence of infectious animal diseases.  Many important animal diseases cross-infect domestic animals and wildlife.  These animals may interface in places such as fence lines, shared habitat and ranges, common water sources, and live animal mark (Bengis et al., 2002) (Fevre et al., 2006).  
Many diseases are believed to be maintained in a region through infection of wildlife and domestic livestock.  There has been a long-standing conflict between livestock owners and animal health authorities, as well as wildlife conservationists, regarding controlling diseases of livestock associated with wildlife.  It is important to realize that where animals interface, transmission of pathogens can be bidirectional: from wild to domestic animals, as well as domestic to wild animals (Bengis et al., 2002).  This bidirectional transmission of pathogens allows a disease agent to maintain a cycle within a region, making it difficult to eradicate or control.  The following malignant catarrhal fever viruses are most commonly associated with disease (Li et al., 2003a).  The cycle of disease transfer which occurs in the spread of these viruses rely upon the interface between domestic and wildlife species   

A. Alcelaphine Herpesvirus-1
1. Etiology
This agent, known to cause malignant catarrhal fever in African bovids, was first isolated from the leukocytes, spleen and lymph node suspensions of a blue wildebeest and described as being a herpesvirus in 1960 by Plowright and associates.  Originally designated Bovid Herpesvirus 3 (Roizman, 1973) and believed to be most similar to the betaherpesviruses (Plowright et al., 1960), it was later discovered to most closely resemble viruses associated with the gammaherpesvirus family (Rossiter et al., 1983b), (Mushi and Rurangirwa, 1981).  Malignant catarrhal fever had been shown to occur in cattle after close association with apparently normal blue or black wildebeests (Daubney, 1936; Mettam, 1923), but prior to the work by Plowright and associates, the etiologic agent had not been identified or isolated.  Having a method to obtain cell-free virus for use in experiments and development of diagnostics allowed for greater characterization of AlHV-1.  In additional to this, the entire genome was sequenced in 1997 (Ensser et al., 1997).  
2. Transmission of disease
First believed only to exist as a cell-associated virus (Rweyemamu et al., 1974) (Plowright et al., 1960), it was later discovered that it could survive as cell free virus and be passed in this form to cattle by nasal secretions of wildebeest (Mushi et al., 1981).  It was also shown to be vertically transmitted to offspring transplacentally, when virus was isolated from the spleen of a fetus (Plowright et al., 1960).  The main source of infection appears to be the wildebeest calf (Plowright, 1965), as virus has primarily been isolated from the ocular and nasal secretions of young wildebeest less than 3 months, and virtually all animals are infected by age 4 months (Barnard et al., 1989a; Mushi et al., 1980).  Viral shedding in adults appears to be quite low, and occurs primarily during periods of stress or parturition (Barnard et al., 1989a; Rweyemamu et al., 1974). Originally, fetal membranes and fluids were  also believed to be a major source of infection to cattle, but virus was not isolated from either material (Rossiter et al., 1983a).  It has been proposed that the membranes and fluids act as markers for cattle for pastureland which is heavily contaminated with malignant catarrhal fever virus in oculonasal secretions of wildebeest calves (Rossiter et al., 1983a).  
In Kenya and Tanzania, wildebeest associated MCF occurs primarily during calving season ((Mushi and Rurangirwa, 1981), but in South Africa disease occurs most often during the late winter and early spring, when calves are 8-10 months old (Barnard et al., 1989a).  In zoological parks sporadic cases of wildebeest associated MCF can appear throughout the year (Castro et al., 1984; Hanichen et al., 1998).  
AlHV-1 is not transmitted from one clinically susceptible host to another via natural methods, as the virus secreted by these animals is cell-associated and therefore extremely labile (Mushi and Rurangirwa, 1981; Plowright, 1968).  As such, sick animals may be housed with healthy animals without fear of horizontal disease transmission (Plowright, 1965).  In some instances it is possible for cattle to transmit the virus to their offspring transplacentally 
3. Pathology
The length of incubation required to cause disease differs among species.  Reports from studies of experimental exposure estimate incubation to last from 9 to 60 days or longer (Hatkin, 1980; Plowright, 1968; Plowright et al., 1960).  In some instances, animals may recover from subclinical infection and the virus may recrudesce several months later (Heuschele et al., 1985).  The syndrome caused by AlHV-1 is characterized by corneal opacity, erosions on the oral epithelium, salivation, anorexia, a mucopurulent nasal discharge, and increased body temperature and is typically referred to as the head and eye form of MCF (Pierson et al., 1979).    Upon histologic examination, lympho- proliferation and generalized necrotizing vasculitis are the most commonly recognized signs (Metzler, 1991; Plowright, 1986).  

B. OvHV-2
1. Etiology
For almost a century, sheep were believed to be the source of non-wildebeest associated malignant catarrhal fever (Götze, 1930; Götze, 1929), but all attempts to isolate the causative agent were unsuccessful (Plowright, 1968; Selman et al., 1974).  Attempts to understand the etiology and epidemiology of this agent have therefore been less direct than methods used with wildebeest strains.  Lymphoblastoid cells have been propagated from cattle, deer and rabbits with sheep-associated malignant catarrhal fever (Reid et al., 1989; Reid et al., 1983; Schuller et al., 1990).  One of these cell lines was used to construct a genomic library, and a clone from this library hybridized to cloned alcelaphine herpesvirus-1 DNA (Bridgen and Reid, 1991).  From this it was suggested that the viral agent of sheep-associated malignant catarrhal fever and alcelaphine herpesvirus-1 are closely related gammaherpesviruses and the virus was named ovine herpesvirus-2 (Roizmann et al., 1992).  Development of molecular techniques such as polymerase chain reaction has led to a greater understanding of OvHV-2.  In 2007 the entire genome was published (Hart et al., 2007).  Prior to that, inferences were made into how the virus reacted in a susceptible host based upon genes detected using molecular techniques (Coulter and Reid, 2002; Thonur et al., 2006).

2. Transmission of disease
Ovine herpesvirus-2 exists as a ubiquitous infection in domestic sheep (Baxter et al., 1997; Li et al., 1995).  Transmission of this virus occurs primarily from sheep after 3 months of age (Li et al., 2001a).  The majority of viral shedding comes from adolescent lambs, age 6 to 9 months.  During this period virus is shed from the lamb’s nose in short discreet bursts.  Past 9 months the frequency of viral shedding declines(Li et al., 2001a).  Shedding episodes in adult sheep occurs much less frequently than shedding in adolescent lambs (Li et al., 2001a; Li et al., 2004).  Unlike wildebeest associated malignant catarrhal fever, shedding of the virus does not seem to be associated with lambing, and no seasonal trend in viral shedding of adult sheep has been identified (Barnard et al., 1994; Li et al., 2001a). This suggests that the likelihood of transmission from an adult sheep to a susceptible host occurs at a relatively stable, albeit infrequent, rate.  Horizontal transfer between clinically ill cattle has not been shown in field observations and experimental data (Farquarson, 1946).  
It is suggested by field outbreaks and experimental data that Bali cattle, Asian swamp buffalo, the American bison, and deer species are more susceptible to disease caused by ovine herpesvirus-2 than Bos taurus and Bos indicus cattle species (Clark et al., 1970; Daniels et al., 1988; Hamilton, 1990; O'Toole et al., 2002; Reid et al., 1987; Schultheiss et al., 2000).  In general, cattle are regarded to be less susceptible to disease caused by OvHV-2 than AlHV-1 (Loken et al., 2009).
3. Pathology
In most cases, disease in cattle caused by OvHV-2 is virtually indistinguishable from the syndrome produced from infection with AlHV-1.  Skin lesions occur more often in cattle and deer infected with the OvHV-2 strain than with AlHV-1 strain (Plowright, 1990).    In deer, the syndrome appears to be peracute or acute, and animals succumb within 12 hours of onset of elevated temperature, mild diarrhea and inappetance without developing the characteristic signs of the disease (Reid, 1991), although some deer have developed acute haemorrhagic enteritis followed rapidly by death (Wilson et al., 1983).  Bison appear to be one of the most highly susceptible animals to disease when infected with OvHV-2.  Clinical onset of disease appears to be acute, with death coming within 1-3 days of onset (O'Toole et al., 2002), although chronic cases do occur (Schultheiss et al., 1998).  Mortality in exposed bison herds is usually quite high (Schultheiss et al., 2000).  Goats can be infected with OvHV-2 (Li et al., 2001b), but appear to be carrier animals as disease associated with infection has not been reported.
C. CpHV-2
1. Etiology 
In recent years, goats have been believed to be a source of malignant catarrhal fever virus where sheep and wildebeest were not present, but the agent of infection was believed to be OvHV-2 (Li et al., 1996; Wiyono et al., 1994).  By using polymerase chain reaction (PCR), Chmielewicz and associates detected a herpesvirus in a pig which had caused a subclinical infection, and the source of this virus was determined to be a goat also housed with the animal.  Upon analysis, it was observed that this virus had high identity with OvHV-2 and AlHV-2, therefore it was characterized as a gammaherpesvirus and designated caprine herpesvirus-2 (Chmielewicz et al., 2001).  Li and coworkers also identified a novel gammaherpesvirus in domestic goats at this time, and the two viruses reported appear to be the same (Li et al., 2001b).     
2. Transmission of disease
The transmission pattern in goats of the virus appear to be similar to that of OvHV-2 in sheep, as kids separated from the herd at one week of age did not become infected with the virus, and adult goats were susceptible to CpHV-2 (Li et al., 2005).  
3. Pathology
To date disease associated with infection of CpHV-2 has only been documented in cervid species, including white-tailed deer, sika deer, roe deer and moose.   Symptoms in susceptible animals are most commonly reported to be chronic weight loss, as well as mural.   Upon histological examination the typical lesions associated with the malignant catarrhal fever viruses are seen.   
D. MCFv-WTD
1. Etiology
First described by Li and associates in 2000, this was the third virus attributed to the pathogenic group of gammaherpesviruses.  It was detected by consensus PCR when deer exhibiting clinical signs of the MCF syndrome as well as antibodies to a conserved epitope among MCF viruses did not test positive for either OvHV-2 or AlHV-1 strain specific PCR (Li et al., 2000).  Genetically, this virus was found to exhibit 82% identity to OvHV-2 and 71% identity to AlHV-1 (Kleiboeker et al., 2002; Li et al., 2000).  The reservoir of this virus is unknown, although it is believed to be a domestic rather than an exotic species, and based upon phylogenetic analysis is estimated to be a close relative of the sheep or goat (O'Toole and Li, 2008).
2. Transmission of disease
Based upon reports, cases of MCF associated with white-tailed deer occur in late fall or early winter, typically a time of high stress (Kleiboeker et al., 2002; Li et al., 2000).  The mode of transmission of this virus is unknown, as the reservoir animal has not been identified (Kleiboeker et al., 2002; Li et al., 2000; O'Toole and Li, 2008).  
3. Pathology
MCFV-WTD causes the classic “head and eye “ syndrome in white-tailed deer (O'Toole and Li, 2008).  
     
IV. Treatment, Control and Prevention of Disease 
Currently there is no reliably consistent method to treat MCF syndrome in susceptible animals.  Occasionally supportive care with fluids and treatment with steroids and antibiotics has been effective in helping animals recover, but this does not occur consistently (Heuschele et al., 1985; Milne and Reid, 1990; Penny, 1998).  Whether treatment is actually effective in helping animals recovery is still not proven, as there are also many reports of animals recovering without treatment (Hamilton, 1990; Kalunda et al., 1981; O'Toole et al., 1997).  
The best method in controlling the spread of disease in susceptible hosts such as bison, deer, Bali cattle, water buffalo, and to a lesser extent, European breeds of cattle, is prevent exposure to the known carrier animals: wildebeest, sheep and goats.  It has been suggested that waiting until later in the day to graze cattle in wildebeest inhabited areas would greatly limit the exposure of cattle to AlHV-1, as virus is inactivated rapidly in sunlight (Rossiter et al., 1983a).  This would allow wildebeest and cattle to share the best grazing land, and still limit the amount of disease in cattle.  There is no reliable way to produce virus-free wildebeest calves, as some are infected transplacentally (Plowright et al., 1960), and virtually all animals in a herd are infected by 4 months of age (Barnard et al., 1989a; Mushi et al., 1980).  A method to obtain virus-free sheep and goats has been shown (Cooley et al., 2008; Li et al., 2005; Li et al., 1998; Muller-Doblies et al., 2001).  This consists of removing lambs from a positive flock by the age of 2.5 months.  Kids were removed at 1 month and remained virus free.  Derivation of virus free animals from MCFV positive females has important implications for disease control programs, especially in mixed species wildlife parks and zoological gardens.
Attempts to develop a vaccine to prevent infections with  AlHV-1, have been made in the past without success (Plowright et al., 1975) .  Recently a vaccination protocol was proposed by Haig and associates, but further research must be done, therefore the only method of prevention available is proper management of susceptible species (Haig et al., 2008).
V.  Impact of Malignant Catarrhal fever viruses
There is a large variation in the impact that MCFV’s have on a region.  Economic impact in Africa has been estimated to cause losses of up to 5-10% in domestic cattle herds (Barnard et al., 1989b; Bedelian, 2007; Plowright et al., 1975).  In areas adjacent to wildebeest calving zones, Massai pastoralists believe MCF to be the most important disease with the largest impact on domestic cattle production, and in other areas where wildebeest were less prominent, it remained the fourth most common disease. Percent drop in sale price per animal infected with MCF in Africa was estimated at 50% in 2003-2004 (Bedelian, 2007).  Several exotic species are also susceptible to AlHV-1, and losses in zoological gardens as well as in free-ranging African wildlife have been reported (Castro et al., 1984; Hamblin and Hedger, 1984; Hatkin, 1980).
Although economic losses related to sheep associated MCF have not been estimated, extremely high mortality rates have been reported in many herds of animals, across several species (Blood et al., 1961; Brown and Bloss, 1992; Clark et al., 1970; Hamilton, 1990; Li et al., 1999; Murray and Blood, 1961; O'Toole et al., 2002; Otter et al., 2002; Schultheiss et al., 2000; Tomkins et al., 1997).  There have also been many reports of disease in free-ranging animals (Neimanis et al., 2009; Schultheiss et al., 2007; Vikoren et al., 2006). It is difficult to estimate the true losses of wildlife animals to sheep-associated MCF, as all cases are not recovered. 
Losses in farmed and free-ranging cervids due to CpHV-2 have been reported and have been substantial in some cases (Chen et al., 2007; Vikoren et al., 2006).  The symptoms of infection with CpHV-2 are not immediately detected (generally chronic weight loss and alopecia), thus the true impact of this disease may not be apparent, as it is most likely underreported.  
To date, MCF associated with white-tailed deer has only been reported in that species, and losses were varied differently in the two reports (Kleiboeker et al., 2002; Li et al., 2000).  A survey of several deer samples from both captive and wild white-tailed deer did not reveal MCF and presence of the virus is not considered to be widespread in Missouri (Kleiboeker et al., 2002).  A 2005 survey of samples from wild white-tailed deer in east Tennessee revealed a  rate of infection greater than 30%, with assumed subclinical infection (unpublished data).  The impact of infection with MCFV-WTD in wild white-tailed deer is not yet understood.
 
VI. VI. Diagnostic Measures for MCF
A. Virus isolation
1. AlHV-1
Plowright and associates first isolated AlHV-1 in cell culture ((Plowright et al., 1960).  He was later able to obtain cell-free virus of an isolate (WC11) after 49 calf kidney transfers and a further 5 or 10 passages as  cell-free fluids in calf-thyroid cells (Plowright, 1968).  After passage, it was still able to cause fatal MCF in cattle with a dose of 104.0 TCID50. This isolate is still utilized today for diagnostics, and was essential in determining virus characteristics.
2. OvHV-2
Lymphoblastoid cells infected with OvHV-2 have been propagated from cattle, deer and rabbits with sheep-associated malignant catarrhal fever (Reid et al., 1989; Reid et al., 1983; Schuller et al., 1990), but cell-free virus has not yet been cultivated.      

B.  Virus Neutralization Assay
This assay was developed by Plowright in 1967, utilizing the WC11 virus isolate mentioned previously (Plowright, 1967).  The virus neutralization assay in use today still employs the AlHV-1 virus as the target of neutralization, as no other cell free virus has been isolated.  This assay works best for antibody against the alcelaphine group of herpesviruses, and is used primarily in studying the range and extent of natural gammaherpesvirus infections in wildlife, zoological gardens and, occasionally sheep populations. The virus neutralization assay is not used as a diagnostic test in clinically affected animals, as these animals are not able to produce virus neutralizing antibody (OIE, 2009).
C.  Serology
1. Immunoflorescence assay (IFA) 
Although the IFA is not as specific as the virus neutralization assay, it is useful in detecting several varieties of ‘early’ and ‘late’ antigens in AIHV-1-infected cell monolayers.  These are antibodies that develop during the incubation period as well as during the clinical course of the disease.  Other gammaherpesviruses such as OvHV-2 cross-react, therefore this test can not be used for differential diagnostics, but can be useful in detecting sheep-associated MCF in clinically affected animals (OIE, 2008).  
 
2. Enzyme-Linked Immunosorbent  Assay
Many ELISA assays have been developed over the years to detect antibody to MCFV’s (Fraser et al., 2006; Frolich et al., 1998; Wan et al., 1988).  The most commonly accepted method of detecting antibody to MCFV infection is the competitive inhibition ELISA (OIE, 2008).  Originally developed in 1994, it was designed to detect antibody to OvHV-2 using a MAb (15-A) targeting an epitope on a complex of glycoproteins that appears to be conserved among all MCF viruses. The antibody was raised against the wildebeest strain of MCF from a Minnesota isolate identical to the WC11 strain. Antibody to the four most previously described MCFV’s has been detected: AlHV-1, AlHV-2, OvHV-2, CpHV-2 and MCFV_WTD (Li et al., 1994).  This test was reformatted in 2001 to increase sensitivity (Li et al., 2001c). The CI-ELISA has the advantage of being faster and more efficient than the IFA or IPT. 

D. PCR
1.  Nested Degenerative Herpesvirus PCR
First developed in 1996, this assay allowed for detection of many new gammaherpesviruses.  Primary and secondary PCRs are performed with degenerate PCR primers targeted to highly conserved amino acid motifs within the herpesviral DNA-directed DNA polymerase gene using a nested format. The assay amplifies a short region of the herpesvirus and allows for the determination of partial DNA polymerase-coding sequences herpesviruses for which no DNA polymerase sequence data have previously been reported.  This is a sensitive and broadly applicable approach to the detection and identification of previously characterized herpesviruses present in human and animal tissues (VanDevanter et al., 1996).  Adaptations of this PCR have been used to characterize new gammaherpesviruses in the MCF family (Kleiboeker et al., 2002; Li et al., 2000).  
2. Strain specific PCR
Once a virus has been identified and genes have been characterized, strain specific assays have been developed for use in virus identification.  These include traditional PCR assays (Baxter et al., 1993; Crawford et al., 1999; Li et al., 2001a; Li et al., 1995; Murphy et al., 1994; Wiyono et al., 1994), as well as real-time PCR assays (Cunha et al., 2009; Traul et al., 2007).  The development of real-time strain specific assays for the detection of viral antigen in diseased animals has increased efficiency and shortened the amount of time it takes to diagnose an animal with infection. 

A full description of the currently accepted diagnostic techniques for malignant catarrhal fever viruses can be found in the OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals. 

VI. Malignant Catarrhal Fever viruses in Tennessee
A. Background information
In 2005, a bison was presented to the University of Tennessee College of Veterinary Medicine necropsy service.  Based upon histological examination, it was believed the animal had succumbed to an infection of malignant catarrhal fever virus.  Diagnostics were performed by National Veterinary Services Laboratory (NVSL) in Fort Collins, CO.  Sheep-associated MCF was diagnosed by presence of OvHV-2 DNA.  The animal had not been exposed directly to any sheep, and there were no sheep located at farms within a 5 mile radius of the farm.
The source of the infection in the bison was unknown, therefore it was hypothesized that white-tailed deer in the area may have transmitted the disease to the bison.  Historically, deer have been suspected of being able to transmit OvHV-2 to cattle and bison (Imai et al., 2001), although this has yet to be proven.  A survey of deer harvested in the region began.  The cELISA was used to identify potentially infected deer, and DNA was extracted from the sodium heparinized blood of antibody positive samples.  Greater than 30 percent of the samples analyzed (I need a #here:  ? of N) possessed antibody to a conserved epitope of the MCF family, but none of the animals were positive for OvHV-2 DNA (unpublished data).  When additional tests were performed, it was determined that the antibody positive animals had been infected with the malignant catarrhal fever virus associated with the white-tailed deer (MCFV-WTD) (unpublished data). We believe that this deserves further investigation.
It has also come to our attention that Tennessee is second in the United States only to Texas in numbers of meat goats produced, with over 100,000 animals (National Agriculture Statistics Service, 2002).  Due to the belief that CpHV-2 is endemic in domestic goats with infection rates similar to that of rates of OvHV-2 in sheep (Li et al., 2005), as well as reports of serious disease in cervid species as a result of infection with this virus (Chen et al., 2007; Crawford et al., 2002; Keel et al., 2003; Li et al., 2003b) prompted us to investigate prevalence of this CpHV-2 in goats and deer in the state of Tennessee.

B. Hypotheses
Based upon the prior experimental data, clinical information obtained by the necropsy and LACS services, and a review of the literature, we believe MCF viruses are present across the state of Tennessee.  We have developed several hypotheses in order to investigate this belief.
Hypothesis 1: MCFV-WTD is present in the wild white-tailed deer population in Tennessee and may also be present in elk as well as farmed deer species.
Hypothesis 2: CpHV-2, which is estimated to be present in >80% of goat herds (preliminary data), is present in the state of Tennessee.
Hypothesis 3: The white-tailed deer population in TN have exposure to these other MCFV’s, and may have been infected with, and possibly even spreading, these viruses.
Hypothesis 4: Other ruminants, especially cattle, can be infected with MCFV-WTD, as the true carrier species is not certain.
Hypothesis 5: Goats infected with OvHV-2 can transmit and infect other goats with this virus.
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