Togaviridae and Flaviviridae  

Arbovirus is used to describe any virus which is perpetuated in nature by replication cycles involving hematophagous (blood- feeding) arthropod hosts and vertebrate host. The term arbovirus is a sigla of arthropod born virus. The earlies attempts to classify the large number of arboviruses were done by Casals (1970) on the basis of serological tests and classified them into group A and group B. These groups are now known as alpha and flaviruses, as physicohemical and morphological data confirmed the fundamental basis of serological relationships, and were allocated within a family called Togaviruses. So the name Togavirus (Latin toga = cloak) was introduced to cover arboviruses having serological character like those of groups A and B. Some non- ar thropod-borne viruses were then found to have physicohemical characteristics similar to those of the arboviruses of the family within the genera Rubivirus, Pestivirus and Arterivirus. Recently, as substantial differences in the strategy of replication of members of the various genera became better appreciated, the genus Flavivirus was split off to become a separate family, Flavivridae. Other arboviruses are differed in their physico- chemical characters from Togaviruses and serologically unerlated to them were allocated to the families Bunyaviridae, Rhabdoviridae and Reoviridae (genus orbivirus). 

Arboviruses are mostly to be found in tropical and subtropical rain forest countries or in temperate zones during the warmer, watter seasons of the year when the insects are most active, and where they are able to live in close contact with large populations of wild and domestic animals. 

Abroviruses have two classes of hosts : Vertebrate and invertebrate. Over 400 arboviruses are known, of which at least 66 cause disease in domestic animals of these pathogenic arboviruses are tick- borne and 52 ae transmitted by mosquitoes, sandflies or culicoides (Table 15.1).
Table (15.1): Arthropod transmitted viral diseases of domestic animals

Ecology of Arboviruses : 
Arthropod transmission may be mechanical,  as in myxomatosis and fowlpox, in which mosquitoes act as "flying pins", or, more commonly, biological,  involving replication of the virus in the arthropod vector. The arthropod vector acquires virus by feeding on the blood of a viremic animal. Replication of the ingested virus, intially in the insect gut, and its spread to the salivary gland takes several days (the extrinsic incubation period); the interval varies with different viruses and is influenced by the ambient temperature. Virions in the salivary secretions of the vector are injected into animal hosts during all blood meals. Arthropod transmission provides a way for a virus to  cross species barrier, since the same arthropod may bite birds, reptiles, and mammals that rarely or never come into close contact in nature. When arthropods are active, arboviruses replicate alternately in vertebrate and inverterbrate hosts, but when arthropods are inactive during the winter months in temperate climates, an important mechanism for overwintering called transovarial transmission occurs from one generation of arthropods to the next i.e from eggs to larvae, nymphs and adults. Transovarial transmission has long been known to occur with the tick-borne flaviviruses and has more recently been discovered to occur with some mosquito- borne bunyaviruses and flaviviruses. However vertical transmission in arthropods does not explain all arboviruses overwintering but other possibilites are still unproven and are expected. For example, hibernating vertebrates have been thought to play a role in overwintering. 

In cold climates, bats and some rodents, as well as snakes and frogs hibernate during the winter months, their low body temperature has been though to favor persistent infection and viremia recocur again when normal body temperature returns in the spring. Through demonstrated in the laboratory, this mechanism has never been proven to occur in nature. natural habitats in which specific receptive arthropod and vertebrate hosts are involved in the viral life cycle. Vertebrate reser voir hosts are usually wild mamals or birds but domestic animals and humans are rarely invoved in primary transmission cycles and infection of domestic animals and human occurs incidentally, with biting of arthropod vector or close contact with reservoir vertebrate host. 

Zoonatic viral disease that caused by artheropod are listed in table (15.2). 
Table (15.2): Arthropod-born viral zoonses.
Properties of Togaviruses :  Small enveloped viruses 60-70 nm diameter containing (+) sense ssRNA enclosed within an icosahedral core. Two envelopes of glycoproteins E1 and E2 contains epitopes for neutralizing antiboies are found (Fig. 15.1). They replicate in the cytoplasm and mature by budding from cell membrane. This family comprises four genera, among them three genera, Alphavirus (arthropode borne), Pestvirus and Arterivirus (non arbo-viruses) contain species of veterinary important. All species of alphaviruses are arthropod transmitted.The most important alphaviruses that infect both livestock and humans includes : Eastern, western and Venezuelan equine encephalitis viruses. The genus pestvirus (non arbovirus) includes bovine virus diarrhae (BVD), hog cholera and border disease of sheep. The genus artervirus (Non-arbo viruses) includes equine arteritis virus. The fourth genus includes genus Rubivirus (non arbovirus) which contain only one species, rubella virus of humans and the ungrouped non arboviruses which includes lactic 

dehydrogenase virus and simian hemorrhagic fever virus. The most important toga- viruses that causes diseases in domestic animals are listed in table (15.3).   
Table (15.3) Todaviruses that cause disease in domestic animals. 

Fig. (15.1): Togaviridae, genus Alphavirus. Negatively stained virions of Semliki Forest virus.

Fig. (15.2): Flaviviridae, genus Flavivirus. Negatively stained virions of St. Louis encephalitis virus.

Propecties of Flavivridae : 

Formely this family classified with the togaviruses, This group (flavi= yellow) has now been given family status,principally because of a distinctly diffierent in strategy of replication. In most other respects, including their transmission by arthropods, the flaviviruses resemble the Alphavirus of the family togaviridae, but they are somewhat smaller, 40-50 nm in diameter, (Fig. 15.2). There is only genus, Flavivirus. The most important diseases of domestic animals caused by flaviviruses are shown in Table   (15.4 ). 

Table (15.4):Flaviviruses That Cause Disease in Domestic Animals  

	Virus 
	Mode of 

transmission 
	Animal host 
	Disease 
	Geographicl distribution 

	Louping ill
virus 
Wesselsbron
disease virus
Japanese 
encephalitis 
virus 
	Tick
Mosquito 
Mosquito 
	Sheep (human) 
Sheep (human)
Swine (human)
	Encephalitis
Generalized 
infection, 
abortion 
Encephalitis, abortion 
	United Kingdom
Southern Africa 
Japan, Southeast 
             Asia 


 " many other flaviviruses cause important human disease, including yellow fever, dengue, Murray Valley, West Nile, and St. Louis encephalitis, Omsk hemorrhagic fever, Central European tick- borne encephalitis, Kyasanur Virus disease. 

Bovine Virus Diarrhea- Mucosal Disease 
Synonyms  : Bovine  virus diarrhea (BVD) , mucosal disease. 

Definition and hosts affected : - It is acute, highly contagious disease of cattle characterized by high morbidity, low mortality, diarrhea and buccal ulceration. Cattle are principally affected but naturally occurring outbreaks have been reported in deer. 

Properties of the BVD- Virus : 

The virus particles are spherical in shape measuring between 40-65 nm in diameter. The nucleocapsid is surrounded by a sac-like envelope which is generally smooth and only rarely bears prominent surface projections, ssRNA of (+) sense. 

Mature virus particles are sensitive to ether, chloroform and other lipid solvents. They are sensitive to low pH (< 3.0), inactivated at 56oC but most strains are stable at low temperature and remain viable for years in the lyophilized state, or when stored at -70oC. Most strains of BVD-virus are closely related on the basis of both serological and immunological reactions. In a British survey, 53 strains were classified into 7 serotypes of which a large number were associated with clinical mucosal disease and one serotype was isolated from 75% of cattle with infertility. A more recent study, utilizing cytopathic isolates , has confirmed that virus diarrhea and mucosal disease viruses are identical, or closely related antigenically, but serum neutralization tests combined with immunoflourescence suggest that the non-pathogenic strains are more closely related to one another than to the cytopathic strains. On the other hand there is a close antigenic relationship between the viruses of mucosal disease and swine fever on the basis of agar gel diffusion tests. It has also been shown that inoculation of most strains of virus diarrhea mucosal disease viruses confer resistance to pigs when subsequently challenged with virulent swine fever virus. 

Clinical features : 

The clinical symptoms of the disease varies from acute infection of susceptible cattle, as in bovine virus diarrhae which characterized by mild clinical and pathological changes with high morbidity but low mortality., and occurs at any age and lasting a few days, to a persistent infections in mucosal disease which is aquired in utero and is characterized by  high mortality and low morbidity rates, specific immune tolerance and immunosuppression. Mucosal disease often is first recognized clinically in a herd by fever (40-42oC), anorexia, watery diarrhea, and erosive stomatitis, sometimes complicated by lameness and pneumonia, usually in only a few animals. 

Detailed clinical and pathological manifestations of infection in individual cattle must be described in relation to age and pregnancy status, Three situations are considered : Postnatal infection of nonpregnant cattle, infection of pregnant cow, and persistently infected cattle. 

a- Postnatal infection of non pregnant cattle : 

After an incubation period of 5-7 days there is fever and leukopenia, but otherwise the infection is usually subclinical. Some animals in a susceptible herd may exhibit diarrhea, some animals may have a nasal and ocular discharge and an erosive stomatitis, and in dairy cows there may be a considerable drop in milk yield. This disease is referred to as bovine virus diarrhea.  Because of the immunosuppression associated with infection, this disease in calves may be manifested by increased problems with a chance for respiratory and intestinal infections. When infection of susceptible cows occurs via infected semen from a persistently infected bull, there is usually embryo death and transient repeated breeding problems, often not recognized in usual husbandry systems. 

b- Infection of pregnant cows : 

Infection of adult cattle is usually of little consequence, except that there is a high frequency of transplacental spread of virus to the fetus. This may result in any one of several outcomes :  depending on the age (immunological maturity) of the fetus and the strain of virus; infection may result in death and mummification or abortion, congenital anomalies, the birth of a weak undesired calf ("Weak calf syndrome"), or the birth of a clinically normal calf. Infection before 100 days of gestation usually results in destructive lesions, and retardation in growth of organs and tissues, resulting in death or low birth weight. Between 100 and 150 days of gestation infection often affects organogenesis of the eye and central nervous system, seen as cerebellar hypoplasia, cavitation of the cerebrum and retinal dysplasia. Surviving calves that have been infected in utero before the development of immunological competence remain infected for life. They never mount an effective immune response to the virus; this is persistent tolerant infection. Such calves, which remain seronegative to all tests shed large amounts of virus in all body secretions and excretions and are very efficient in transmitting virus to susceptible cattle in the herd. These animals also have a high probability of developing clinical mucosal disease. Surviving animals that have been infected in utero after the development of immune competence (at about 125 days of gestation), whether manifesting pathological damage or not , usually develop neutralizing antibody and eliminate the virus. 

c-  Persistently infected cattle :-

In susceptible herds to which the virus has been recently introduced, a very high proportion of calves born in the next calving season may be persistently infected. Mortality in these calves often reaches 50% in the first year of life, due to the various manifestations of mucosal disease. In this calves there is chronic fever, anorexia, profuse watery diarrhea, nasal discharge, and erosive or ulcerative stomatitis. Ther is dehydration and emaciation and death usually follows at a few weeks to a few months. 

P.M. lesions : 

Haemorrhage , oedema, erosion and ulceration of the squamous epithelium and mucosa of  the entire alamentary canal and portions of the respiratory tract. Petechial haemorrhages are frequently present in the myocardium, especially along the coronary grooves and the endocardium of the ventricles. Enlargment and ulceration of the lymph nodes and peyer's patches. Presence of shallow, circumscribed, dull or red-coloured ulcers on the muzzle or in the mouth. Occasionally, the mucosa of the buccal cavity and muzzle becomes completely eroded and in some animals inflammation and ulceration may extend to the pharynx and oesophagus. 

Epidemiology :

The virus is transmitted easily from animal to animal and from herd to herd by indirect means through feed contaminated with urine or oronasal secretions, feces, or aborted fetuses and placentae. The virus is transmitted directly to susceptible cattle from acute affected animals or from persistently infected animals. Some persistently infected females survive to breeding age and may give birth to persistently infected offspring. Where the infection is present in a herd for sometimes and the majority of animals are immune, the introduction of susceptible animals, results is sporadic losses. Where infection is absent in a herd, the introduction of a persistently infected animals is often followed by dramatic losses. Since the infection also occurs in sheep and goats, as well as swine, deer, and other wild ruminants, these species may also be sources of virus for the initiation of infection in cattle herds. 

Diagnosis : 

1- Clinical manifestation 

2- Post  mortm. Findings 

3- Laboratory diagnosis : - 
Isolation and identification of the virus : 

Preferred samples for virus isolation must be include feces,nasal exudates, blood and tissues collected at necropsy and aborted fetuses. The virus can be cultivated on bovine kidney cells. Because the some strains of the virus are noncytopathogenic in cell cultures, its presence is determined by immunoflurescence with specific anti-BVD hyper immune serum. 

Detection of viral antigens in infected organs :-

This is done by using IFA, IPS, AGPT, DOT- ELISA and SPA- agglutination tests. 

Demonstration of the development of specific antibodies : 

By examining paired serum (acute and convalescent), serologically, usually by a neutralization test but caution must be used in the interpretation of negative results, because of the seronegativity of persistently infected tolerant animals. 

Differential diagnosis : 

BVD-can be confused clinically with FMD, RP and infectious bovine rhinotracheitis (IBR). The disease can be differeniated in the laboratory by isolation and identification of the causitive agent. 

Prevention and control :

The major objective of control measures is to prevent the further occurrence of persistently infected animals in the herd. This requires the identification and elimination of such animals and the avoidence of further introductions by quarantine measures. In most areas immunization is the only control strategy used, but vaccines have severals drawbacks. Two types of vaccines are used for this purpose, inactivated virus vaccines containing detergent split virus produced in cell cultures but this type of vaccine have met with only limited success and the attenuated living virus vaccine, also produced in cell cultures although it has unresolved problem, it is more widely used. At the present time encouraging results are being obtained in a number of laboratories throughout the world where swine fever virus is used to immunize calves against mucosal disease. The great problem of BVD- virus lies in persistently infected animals where the virus is present in their tissues as well as body secretion and excretion. When cell cultures are produced from organs (e.g. Kidney of these animals and inoculated by other type of virus for vaccinal production e.g. (RP) the resulting anti-RP vaccine can be contaminated with BVD-virus and instead of protection of cattle against RP, an infection with BVD can occurs. Besids, in few cases, collected calf serum for growing of cell cultures may be contaminated with BVD-virus (as the virus have prolonged vireamia) and act as a source for contamination of the resulting vaccines with BVD-virus. For these reasons, prepared cell cultures for virus, must be tested by IFA with specific anti-BVD-hyper immune serum before their introduction for vaccine production. 
