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SUMMARY

The epidemiological study of viruses has played a key role in their prevention and control throughout history. Issues such as the source of exposure and routes of transmission are important factors on the impact of viruses on public health. In addition to modes of transmission, the clinical features, prevalence, molecular epidemiology, and control methods for selected viruses impacting humans are discussed. 
Within each virus family, a representative virus group or serotype that currently has or has had a prevailing human public health impact is represented. The pathology of the viruses range from neurological in nature, such as in the case of Rabies virus, respiratory, as in the  case of human coronaviruses, to gastroenteritis associated, as is seen with caliciviruses, rotaviruses, and astroviruses. 

The families represented include Rhabdoviridae, Caliciviridae, Coronaviridae, Reoviridae, and Astroviridae.
I. RHABDOVIRIDAE
Background
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The Rhabdovirus family includes several genera infecting a diverse range of organisms including insects, fish, small mammals and humans. The family derives the name “Rhabdo,” from rhabdos meaning rod in Greek from its most common morphology: a bullet shaped virion. The family belongs to the order Mononegavirales, and has a noninfectious (-) ssRNA genome. Their genomes code for five proteins including the nucleoprotein (N), phosphoprotein (P), matrix protein (M), glycoprotein (G), and Large protein (L). (Figure.1)
The diverse Rhabdoviridae family encompasses over 150 viruses; several genera, including Cytorhabdovirus, Ephemerovirus, Lyssavirus, Novirhabdovirus, Nucleorhabdovirus, and Vesiculovirus, in addition to many unclassified Rhabdoviruses make up the family. The most well known genera are Lyssaviruses, and Vesiculaovirus, vesicular stomatitis virus (VSV). VSV is the prototypical virus used in the study of Rhabdoviruses, particularly because it is highly available in its purified form and produces a high yield from infected cells (1). Vesicular stomatitis virus is an arbovirus that causes non-cytolytic infections in insects and cytolytic infections in mammals, especially cattle; control of this virus is of particular importance for farmers. The Lyssavirus includes the well known Rabies virus; it is the Rhabdoviridae species with the greatest direct effect on humans and will be the primary focus within Rhabdoviridae. 
Routes of Transmission and Exposure
 
The rabies virus is a zoonotic virus that infects and afflicts warm blooded animals by causing an acute encephalitis. Small warm blooded animals serve as reservoirs, with the predominant mode of transmission being animal to animal transmission. Human infection is incidental and there have been no reported cases of human to human transmission. The epidemiology of rabies virus in the United States has shifted in the last 50 years from the primary source being domesticated animals to being primarily contracted form wild animals (2). About 90% of the rabies cases in the United States reported to the CDC occur in wild animals, particularly raccoons, skunks, bats, and foxes. 
Various routes of rabies transmission are plausible, including through skin breakage and mucous membranes such as those in the eyes, mouth, and nose. Transmission through skin breakage can occur through non-bite and bite mechanisms. Bites do not necessarily require penetration of blood vessels as is usually the case with minor bat bites. Non-bite routes of transmission include virus contact with open wounds and abrasions, and although it is very rare, virus transmission through a minor scratch is plausible (3). 
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Sources of exposure to the virus include the saliva and nervous tissue of an infected host. Due to the fact that the rabies virus preferentially replicates in nervous tissues, contact with urine, feces, or blood do not constitute an exposure. According to the CDC, contact with either of these potentially infectious materials through any of the acceptable routes of transmission outlined above officially constitutes a risk of exposure to rabies virus and necessitates an evaluation to determine the need for post exposure prophylaxis (PEP). Although transmission by way of aerosol exposure has been documented in the past, it is extremely rare and does not constitute a risk large enough for PEP. Transmission of the rabies virus most often occurs through the bite of an animal that is rabid (3). 
Clinical Features
[image: image7.emf]Rabies has a highly variable incubation period in humans, with clinical features appearing from within a few days to as late as several years after infection (3). Symptoms are initially nonspecific and flu-like and include fever, headache, and/or malaise. They advance to anxiety, confusion, agitation, hydrophobia cerebral and dysfunction then subsequently progress to delirium, abnormal behavior, hallucinations, and insomnia (Figure 2). After onset, symptoms last for 2 to 10 days before death (3). 
The World Health Organization (WHO) recognizes rabies as the infectious disease with the highest case fatality rate(4). In the U.S. to date, only six recognized cases of clinical rabies are reported to have survived the illness after clinical onset (3).
Prevalence and Risk Factors
Each year over 55,000 people die as a result of rabies virus (4). Yearly, there are over 14 million courses of postexposure prophylaxis (PEP) taken around the world for potential rabies cases due to dog bites, the most common mode of transmission. Recently, in the United States an average of 2 to 3 deaths have occurred annually due to rabies(3).

Approximately, 95% of human deaths resulting from rabies occur in Asia and Africa (4). Individuals with the highest risk for rabies include those who live in the rural areas in countries located in Asia and Africa. Specifically, children under 15 years old in these areas face the greatest risk for infection (4). 
Molecular Epidemiology

The molecular epidemiology of rabies virus in the United States is based on both nucleotide sequence analysis and case surveillance data. Particular nucleotide substitutions allow for the identification of diverse rabies variants that are linked with different outbreaks. The phylogenies of [image: image8.emf]Figure 1. Rabies virus virion and (–)ssRNA genome 

(CDC, 2007)

the variants are confirmed via case surveillance. Case surveillance is necessary to determine the circumstances that lead to an outbreak, the [image: image9.png][ How it spreads — Ml Common carrers of rabies
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related animal reservoirs, and information about host natural history (6).
Prevention and Control 
There are currently multiple forms of prophylaxis available against rabies, including  preexposure vaccinations and post exposure immunoglobins and vaccinations. In the United States pre-exposure vaccines are given to high risk groups such as those who do laboratory work with rabies virus and those traveling to endemic countries, in order to reduce the number of post exposure vaccine boosters needed and to preclude the need for immune serum with potential infection. After potential exposure, a postexposure prophylaxis regimen is are necessary.  For domestic animals local preexposure vaccination programs provide immunity for 1 to 3 years. The use of oral bait vaccinations have proven effective for controlling the increasing spread of rabies in wild animals (5). However, to reduce the high costs of such programs, increased epidemiologic surveillance is necessary to detect and predict the appearance of new reservoirs, for more focused action (5).

 In developing countries, public health infrastructures need to be strengthened; specifically, an expansion of animal vaccination campaigns have proven effective in reducing disease burdens in areas on these countries (4). In addition, a general improvement in access to healthcare would bolster post exposure prophylaxis (PEP) programs (5).According to the WHO, the most cost effective approach to eliminating rabies globally is through animal vaccinations. 
II. CALICIVIRIDAE

Background
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The Caliciviridae family of viruses is responsible for several cases of gastroenteritis each year. They have nonenveloped, icosahedral hexagonal capsids with a diameter between 35 and 39nm long and their genomes are made up of non-segmented (+)ssRNA. Many Calicivirus strains appear to have cup shaped depressions, hence the term calicivirus was derived from the Latin word “calyx” meaning cup. (Figure 4)
Caliciviruses infect a wide range of host organisms ranging from reptiles and amphibians to humans. The family consists of four genera, which include Norovirus, Sapovirus, Lagovirus, and Vesivirus. The prototypical viruses within each genera are Norwalk virus, Sapporo virus, Rabbit hemorrhagic disease virus, and Feline calicivirus respectively. Both Noroviruses (NoVs) and Sapoviruses (SaVs) play a role in human acute gastroenteritis (AGE) epidemiology. 
Routes of Transmission and Exposure 
The human caliciviruses are transmitted by human to human contact; this serves as the most common transmission mode; particularly through fecal-oral routes (10). The second most common mode of transmission is through foodborne spread (8). It is not yet known whether animal to human transmission can occur. (Figure 5) It has also been proposed that human caliciviruses could be transmitted through aerosols from contaminated vomit from infected persons (10). Generally, virus particles are shed in feces and vomit, and are usually contracted orally.
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Clinical Features
The human caliciviruses cause acute gastroenteritis (AGE), while animal caliciviruses infect many tissues, resulting in symptoms such as abortions, hemorrhage, mucosal infections and more (10). The incubation period in humans is relatively short, ranging from 24 and 48 hours. Noroviruses associated AGE involves abdominal cramps, fever, malaise, diarrhea, vomiting, and nausea. More vomiting is associated with pediatric cases, where as increased diarrhea is associated with adult cases. In sapovirus cases there is a greater association with diarrhea than vomiting, in addition blood and mucous are usually not found in stools.  Clinical symptoms generally occur for 3 to 4 days and virus is shed for 2 weeks after initiation (10). 
Prevalence and Risk Factors

Both Noroviruses and Sapoviruses are a common cause of gastroenteritis throughout the world. Although the prevalence of antibodies to these viruses are higher in developing countries, surveillance data has shown that there is no significant difference in the detection rates of both virus genera in humans in developed and developing countries (10). Caliciviruses are the most frequent cause of acute gastroenteritis in the U.S., causing approximately 23 million cases of disease each year (8).

 Noroviruses tend to cause outbreaks in “closed or semi-closed communities” including cruise ships, nursing homes, schools, and hospitals (10). In addition to these locations, sapoviruses are commonly found in daycare centers (8).
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In the state of Florida, Norovirus outbreaks increased from about 2% of total reported outbreaks to about 20%  between 1994 and 2006 (9).

Molecular Epidemiology
Although caliciviruses cannot be cultured or perpetuated in an animal model, their genomes have been determined. Noroviruses are categorized into five major genogroups, ranging from GI–GV. Each genogroup is additionally separated into over 25 genetic clusters. Strains GI, GII, and GIV can infect humans, GIII infect cattle and GV infect mice. Sapoviruses have only been isolated in humans (8). 
Strains within the GII/genetic cluster 4 (GII/4) have recently been reported as epidemic strains in several parts of the world (8). In a CDC epidemiological study, fecal samples from 270 outbreaks of AGE suspected to be caused by caliciviruses were collected and tested using RT-PCR. Of the outbreaks caused by calicivirus, 79% were caused by GII norovirus strains, 19% by G1norovirus strains, and 2% by sapovirus (8) (Figure 7). Results from the study also implicated the emergence of a new norovirus variant in outbreaks taking place between July 2002 and June 2003.
Prevention and Control

It is believed that, public health interventions for control of caliciviruses cannot be truly evaluated until regular virus diagnostic methods are implemented (8). In August 2004, several states began including regular calicivirus screenings during gastroenteritis outbreaks.  The continuous advancement of biotechnology diagnostic tools used to assay for virus in food and water help improved prevention and control efforts. Molecular diagnostic methods allow for the ability to trace fecal samples to contaminated food and water sources through sequence analysis. These methods improve assurance during public health policy implementation to recall contaminated products or close contaminated water sources. Improving virus diagnostics also contributes to enhanced analysis of water purification and filtration methods (11). 
III. CORONAVIRIDAE

Background
Coronaviruses have (+)ssRNA genomes that are between 27 and 31 kb long. The 5' end is capped and the 3' end includes a poly-A tail. Their capsids are enveloped and have a 120-160 nm diameter. They have club-shaped features that appear similar to a “corona” or crown. (Figure 8). Phosphoprotein N makes up the helical capsid surrounding the genome. Two major types of glycoprotein form the envelope. Glycoprotein M, a transmembrane molecule makes up the inner part of the envelope whie glycoprotein S, the virus specific peplomers, project on the outer side of the envelope. 
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The family Coronaviridae is composed of two genera, including Genus Coronavirus whose prototype species is Infectious boronchitis virus and Genus Torovirus whose prototype is the Equine torovirus. Toroviruses affect a range of vertebrates including horses, swine, humans (Human torovirus) and more. The coronavirus genus affects a range of hosts including mammals and birds. The most well-known virus species, as well as the one that has had  a  large recent human epidemiological impact of the coronaviruses affecting humans is SARS coronavirus. Human coronaviruses, particularly SARS, will be the major focus because relatively little is known of the epidemiology of Human Toroviruses, except for the understanding that they are strongly associated with pediatric nosocomial gastroenteritis in immunocompromised children (12).
Routes of Transmission and Exposure 

Human coronaviruses are primarily transmitted via respiratory routes and fomites from human to human (13). Human coronaviruses are proposed to be a major cause of the common cold during the winter seasons. The virus is most stable at low temperatures and at a pH of 6. It is a presumed contributing cause of the common cold and is thought to be most transmissible during winter months. Unlike Rhinoviruses however, they are believed to be transmitted not only via large droplets, but also thorough aerosols causing more rapid transmission. (13)
The thoroughly studied SARS coronavirus (SARS CoV) is also thought to more readily transmitted by droplets from cough or sneeze of  infected individuals in close contact with others and by way of fomites (14). It is believed that spread occurs when droplets travel as far as 3 feet in the air and land on the mucous membranes (i.e. eyes, and more commonly nose and mouth) of other individuals. It is plausible, though not confirmed, that SARS – CoV undergoes airborne transmission by traveling farther distances in the air as aerosols (14).
Clinical Features
Subtypes OC43 and 229E of human coronavirus are a source of upper respiratory sickness, and have caused approximately one third of common colds annually for many years. (16) In a retrospective study of pediatric acute respiratory sickness, 9% of patients testing positive with coronavirus also recorded having gastrointestinal illness.(16)
Specifically, the onset of SARS symptoms commence with a fever of greater than 100.4°F. Additional symptoms may include malaise, headache, and general body aches (14). Diarrhea was detected in about 10-20% of patients sampled during the outbreak. The patient may subsequently develop a dry cough and pneumonia. The incubation period for SARS is usually between 2 and 7 days and individuals remain infectious for up to 2 weeks after developing fever (14).
Prevalence and Risk Factors

In a study of patients with pediatric acute respiratory illness in U.S. hospitals, all four forms of human coronaviruses (not including SARS coronavirus), were found within 6.3% of the patients tested (16). Recently discovered subtypes NL63 and HKU1 composed the majority of viruses identified in the cohort. Subtypes OC43 and 229E of human coronavirus were the only coronaviruses identified in humans until the 2003 SARS outbreak (16).
According to the World Health Organization (WHO), there were 8,098 cases of SARS in over 30 countries around the world during the 2003 outbreak. 774 out of the 8098 cases in the pandemic were fatal, not including any of the eight confirmed cases in the U.S. All U.S. cases were associated with international travel to initially endemic areas (14).
The first case of the disease occurred in Guangdong, a Chinese province, in November 2002. Spread of the virus to other areas occurred between January 2003 to April 2003. (Figure 9) 
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Molecular Epidemiology
Four variants of SARS coronavirus were isolated and sequenced from the outbreak. This was done by analyzing and comparing the S1 region of the spike protein nucleotide sequence between SARS isolates and amongstalready known human coronaviruses. It was concluded that all variants of the SARS coronavirus CoV were divergent from all known human coronaviruses, and a new group was formed (14) (15). Four SARS CoV variants were discovered in Hong Kong. One of the four viruses was found in several other countries and deemed responsible for the international outbreak. The remaining three were different from virus isolates in the major cluster, indicating that the SARS virus had been introduced several times in Hong Kong (14).
Prevention and Control


In response to the SARS coronovirus outbreak and subsequent pandemic, the CDC instituted several standard measures for response to control the outbreak and all potential future outbreaks of SARS in 2003. They opened the Emergency Operations Center to maintain constant coordination of activities, committed almost 1000 medical experts to develop a response to the SARS outbreak, employed on site investigations such as epidemiologists at outbreak sites, supported health departments in domestic surveillance for SARS, analyzed samples form SARS patients to trace sources of exposure, and maintained communication with high risk populations in the U.S., particularly those who traveled to initially endemic areas. (14)
IV. REOVIRIDAE
Background
The family Reoviridae iconsists of viruses with icosahedral non-enveloped capsids with a two layer protein shell (outer and inner). The name Reoviridae originated from the term “orphan virus”. When originally identified, diseases caused by viruses within the family were unknown. The genome is composed of 10 to 12 segments of dsRNA. These are categorized into Large (L) which codes lambda proteins, Medium (M) which codes nu proteins, and Small (S) segments, which code sigma proteins. Each segment may code for between 1 and 3 proteins. They viruses replicate entirely in the cytoplasm and encode their own replication proteins. 
The Reoviridae family consists of twelve genera, including the Genus Idnoreovirus: prototype  Idnoreovirus, Genus Mycoreovirus: prototype Mycoreovirus 1, Genus Orthoreovirus: prototype Mammalian orthoreovirus, Genus Oryzavirus: prototyotype species Rice ragged stunt virus, Genus Aquareovirus: prototype Aquareovirus A, Genus Cyprovirus: prototype Cypovirus 1 (CPV), Genus Fijivirus: prototype Fiji disease virus, Genus Phytoreovirus: prototype Rice dwarf virus. Genus Rotavirus: type species Rotavirus A, Genus Coltivirus: protypr Colorado tick fever virus (CTFV), Genus Orbiviru: prototype Bluetongue virus, and Genus Seadornavirus. The initial 7 genera have a turret protein in the inner capsid. The focus of epidemiological study with this family is human disease caused by the Rotavirus Genus, particularly Rotavirus A.
Routes of Transmission and Exposure 
In temperate climates the seasonal peaks of transmission occur for the duration of late autumn through spring. During this time the virus tends to travel from the west to the east in both the United States and Europe.  However, transmission rates tend to be more uniform throughout the year in tropical and subtropical climates. (17)

The virus is generally transmitted fecal-orally; it has been supposed that it is also transmitted by aerosols during respiration (18). Individuals, particularly small children, may shed the virus in their stool up to 48 hours before developing symptoms. Rotavirus particles are usually detected in stool for an average of 4 days and longer in immunesuppressed patients. A mean of 100 billion virions per gram of stool is detected in patients (18). 
Daycare centers play an important role in spreading the virus among young children due to the frequent exposure to potentially infected material through diapers. Rotavirus is responsible for between 25 and 40% of diarrheal sickness in daycare centers. (18). Other potential sources of exposure include cerebrospinal fluid, blood pharyngeal or nasal secretions, and urine. 
Rotavirus particles can survive on surfaces and in water for weeks and they remain on hands for up to four hours. Infection may be caused by as little as 10 infectious particles (18).

Clinical Features


Once infected, it takes about 1 to 3 days before rotaviruses cause symptoms. Like noroviruses, infection is a major cause of acute gastroenteritis (AGE) in young children. Half of patients also show respiratory symptoms and otitis media. Many cases of infection, usually in adults,  can be subclinical and cause mild diarrhea for a short period of time, however clinical features can also be be very serious with sudden fever and vomiting. Diarrhea caused by rotavirus is thought to be more severe than that caused by any other enteric viruses. 
Prevalence and Risk Factors

The most important risk factor for rotavirus infection is to be an infant or young child under the age of five (17). Within this group rotavirus causes half of the over 200,000 diarrhea caused hospital admissions each year (18).  It is believed that almost all children have been infected by rotavirus under five and serious cases are more likely in children under 35 months of age (18).
Rotaviruses seem to have a universal morbidity internationally in both developed in developing countries. However, there is a higher mortality rate in developing countries. It causes approximately 800,000 deaths each year, and though relatively rare, rotavirus has caused diarrheal outbreaks in seniors (17).

Molecular Epidemiology
Rotaviruses are extremely diverse in terms of their genomic and antigenic properties. Within the rotavirus genus seven groups (A-G) exist. Within the common group Rotavirus A, subgroups are differentiated by their glycoprotiein VP7(Type G) and protease sensitive protien VP4 (Type P.) At least 11 P types and 10 G types of Rotavirus A have been detected in humans. 

Co-circulation occurs between both types with G2P1B[4], G3P1A[8], G1P1A[8], G4P1A[8] being the most common rotaviruses found in humans. Their comparative incidence rates vary with location and time. Viruses with P and G types different from those in the four main types can easily infiltrate the population through reassortment with unusual human viruses and animal viruses. Point mutations constantly occur in circulating rotaviruses; analysis of these mutations are used to trace virus lineage and sources during outbreaks. (17)
Prevention and Control


On a small scale in places such as daycare centers and hospitals, rotavirus spread can be controlled through routine effectual disinfection of surfaces and the use of antiseptics. Disinfectants including chlorhexidine gluconate (0.5% w/v in 70% ethanol) or quaternary ammonium compounds in greater than 40% isopropyl alcohol have proven successful at preventing rotavirus spread.  It is little known that traditional handwashing is not effective in inactivating rotavirus, however waterless alcohol based antiseptics are. (18)  


Educating daycare center employees and hospital workers on proper aseptic techniques, is vital to curbing rotavirus spread and transmission. Constant epidemiological surveillance is also necessary for control of rotavirus and the prevention of outbreaks.
Currently, the Rotateq vaccine has been effective in controlling rotavirus disease. According to the CDC, the vaccine prevents 74 percent of all rotavirus cases (19).
V. ASTROVIRIDAE

Background 
The Family Astroviridae, is a group of nonenveloped, isocohedral viruses with a relatively small (+)ssRNA genome. The virion diameter is approximtely 33 nm long. The family name is based on the Greek term “astron” meaning star, due to the fact that some virions have the appearance of star or “astro” when viewed using electron microscopy. 


Astroviruses are categorized into two genera including Avastrovirus, which primarily affects birds, and Mamastrovirus, which tends to infect animals. The virus causes gastro-intestinal disease in both animals and birds including acute gastroenteritis and fatal hepatitis. Human astroviruses (HAstV) within the Mamastrovirus genus have an increasingly important epidemiological impact.
Routes of Transmission and Exposure 

Astroviruses are transmitted fecal-orally, through viral particle ingestion, similarly to other gastroenteritis causing viruses. The infectious dose is low and the virus is usually shed in stool for 2 weeks. (22) In immunosuppressed  patients virus can be shed for up to 3 months. Astrovirus has been isolated in domestic and recreational water sources and shellfish all over the world.
Similar to rotaviruses, human astrovirus transmission rates vary with season and are thought to peak during winter months, however seasonality is controversial. Egypt, Brazil, and the eastern United States have a seasonal peak during late-spring/early-summer and Korea, Argentina, which does not follow the seasonality trends and the western United States, experience a peak during the winter. (22) 

Clinical Features


In humans astroviruses cause acute gastroenteritis (AGE) with symptoms including diarrhea, fever, vomiting, and dehydration. The clinical features among astrovirus infection and other  cases of viral gastroenteritis are generally similar and for the most part seemingly indistinguishable for healthcare professionals (22). (Figure 12)
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Clinical findings Astrovirus Norovirus __ Sapovirus Rotavius  Adenovirus _References
Diarrhea 72-100% 93% [31-33)
Duration of diarrhea (days, average) 2-3* 2 3 4* 5 [32-34]
Maximum number of stools/24 h 4 4 4 6 5 [32,38]
Bloody diarrhea 0% 1% 1]
Abdominal pain 50% 19% (1]
Vomiting 20-70% 79% 73% [29,31-33]
Duration of vomiting 1 1 1 2 1 32)
Maximum number of vomiting episodes/24 h 15 4 1 3 1 (32)
Fever 20-25%" 28%" 57-67%" 30%  [12°,26+,29,31]
Maximum fever (‘C, average) 37.9 37.9 37.8 38.8 38.4 [32,34)
Dehydration to some degree 24-30%* 28%* 41-57%" 54% [11+,12+,29]
Severe dehydration 0-5% 17% (32,33
Hospitalization 6% 19.5% [11+,32,33)
Duration of hospitalization (days, average) & f a 27
Severity score (1-20) (average)® 5 8 6 10* 7 [29,32-34]
Otitis 13% 15% 15% 129
Bronchiolitis 33% 21% 19% (124
Admission diagnosis of gastroenteritis 18.7-48% 52-72% 65% (287,29

*P <0.01; ** P <0.05; Ruuska and Vesikari 20-point scoring system used [35].




Prevalence and Risk Factors 

It was once believed that astroviruses were a rare cause of gastro enteritis, however with the advancement of detection methods such as EIA, studies have determined the prevalence of astrovirus to represent 2.5 to 9% of diarrheal hospitalizations (21). World wide it is believed that most children contract astrovirus infections before the age of two. Immunosuppressed individuals such as people with HIV, and seniors are also at high risk for infection. Astrovirus infections are also prevailingly nosocomial (21). Notably, a study on astrovirus prevalence has shown that astrovirus infections cause diarrhea at analogous frequencies between adults and children (22). 
Molecular Epidemiology

Overall, there are 8 serotypes of human astrovirus, including HAstV-1 through HAstV-8. Interestingly, a hospital based study showed that serotypes HAstV-1, HAstV-2, and HAstV-3 principally infected children under the age of 3, while HAstV-4 and HAstV-8 primarily infected older children (22).
This is supported in another study of human astrovirus distribution by age, which collected samples from several child care centers. Of the eight astrovirus outbreaks that occurred, five of them were associated with HAstV-1 and three of the outbreaks were linked to HAstV-2 (23).
Prevention and Control

Because astrovirus outbreaks are frequently nosocomial, proper quarantine methods and aseptic technique is used to prevent and control hospital spread. Focus on eliminating common sources of infection such as water and food supplies are also necessary. Constant surveillance is key to control efforts. There are currently no vaccines available for humans (22).
To improve astrovirus prevention strategies, further research on human astrovrirus immunity, enhanced diagnostic assays for detection in environmental samples, and on clinical outcomes is needed (22). 
REFERENCES
1. Banarjee A.K. (1987). Transcription and replication of Rhabdoviruses. Miicrobiological Reviews 51 (1): 66-87.
2. Ruppercht. C.E. (1995). The Ascension of Wildlife Rabies: A Cause for Public Health Concern or Intervention? Centers for Disease Control and Prevention, Atlanta, Georgia, USA Retrieved April 21, 2009,  from http://www.cdc.gov/ncidod/EID/vol1no4/rupprech.htm
3. Centers for Disease Control (CDC). National Center for Zoonotic, Vector-Borne, & Enteric Diseases (NCZVED). Rabies.  Retrieved April 21, 2009, from http://www.cdc.gov/rabies/ 
4. World Health Organization (WHO). (2008) Rabies Fact Sheet. Retrieved April 21, 2009 from http://www.who.int/mediacentre/factsheets/fs099/en/
5. Smith J. (1996). New Aspects of Rabies with Emphasis on Epidemiology, Diagnosis and Prevention of the Disease in the United States. CLINICAL MICROBIOLOGY REVIEWS, Apr. 1996, p. 166–176
6. Smith J. (1995) Molecular epidemiology of rabies in the United States. VIROLOGY, Vol 6, 1995: pp 387—400
7. Hansman GS, Oka T, Sakon N, Takeda N. (2007) Antigenic diversity of human sapoviruses. Emerg Infect Dis Vol 13:10 Retrieved April 21, 2009, from http://www.cdc.gov/EID/content/13/10/1519.htm
8. Blantan L.H. et al. (2006). Molecular and Epidemiologic Trends of Caliciviruses Associated with Outbreaks of Acute Gastroenteritis in the United States, 2000–2004. The Journal of Infectious Diseases 2006;193:413–421
9. Hammond R.M. (2009) Food and Waterborne Disease Program Overview and Selected Issues. Powerpoint presented at Environmental Health Issues in Public Health PHC6313 February 17th 2009.
10. Moreno-Espinosa S., Farkas T., Jiang X. (2004). Human caliciviruses and pediatric gastroenteritis. Seminars in Pediatric Infectious Diseases
Volume 15, Issue 4, October 2004, ppg.237-245
11. Glass R.I. et al., (2000).The Epidemiology of Enteric Caliciviruses from Humans: A Reassessment Using New Diagnostics. The Journal of Infectious Diseases 2000;181:S254–S261

12. Jamieson F.B., (1998) Human Torovirus: A New Nosocomial Gastrointestinal Pathogen. The Journal of Infectious Diseases 1998;178:1263–1269
13 Evans,A., Kaslow R. A. (1997) Viral infections of humans: epidemiology and control Edition: 4, Published by Springer
14. Centers for Disease Control. (2005) Severe Acute Respiratory Syndrome (SARS) retrieved April 21st, 2009 from, http://www.cdc.gov/ncidod/sars/index.htm 
15. Guan Y. et al. (2004) Molecular epidemiology of the novel coronavirus that causes severe acute respiratory syndrome. The Lancet. Vol 363 9403:99-104

16. Kuypers, J., et al., (2007). Clinical Disease in Children Associated With Newly Described Coronavirus Subtypes PEDIATRICS Vol. 119 No. 1 January 2007, pp. e70-e76

17 Desselberger U., Iturriza-Gómara M.,Gray J.J., (2001) Gastroenteritis Viruses. Rotavirus Epidemiology and Surveillance Copyright © 2001 John Wiley & Sons, Ltd
18. DENNEHY, P. H. (2000)  T ransmission of rotavirus and other enteric pathogens in the home. Lippincott Williams & Wilkins, Inc. 
19. Centers for Disease Control (CDC). Rotavirus Vaccinations. Vaccines and Immunizations. Retrieved April 20, from http://www.cdc.gov/vaccines/vpd-vac/rotavirus/ 

20. Kridhna NK. (2005) Identification of Structural Domains Involved in Astrovirus Capsid Biology. Viral Immunol. 2005;18(1):17-26.
21. Glass RI. et. al. (1996) The changing epidemiology of astrovirus-associated gastroenteritis: a review. Arch Virol Suppl. 1996;12:287-300.
22. Walter, J.E., (2003) Astrovirus infection in children. Volume 16(3), June 2003, pp 247-253
23. Mitchell D K; et al. (1999). Molecular epidemiology of childhood astrovirus infection in child care centers. The Journal of infectious diseases 1999;180(2):514-7.

Figure 2. Clinical Features of Rabies (World Book Medical Encyclopedia)





Figure 3. Terrestrial variants of rabies virus in the USA 2007. (Centers for Disease Control, 2007)





Figure 4. Norovirus Structure.


http://knol.google.com/k/william-marler/about-norovirus/3474z7yug2xwi/11#





Figure 5. Transmission of human caliciviruses. (10)





Figure 6. Trends in Reported Norovirus�Outbreaks and Cases in Florida, 1994-2006 (9)
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Figure 7. Phylogenetic analysis of norovirus outbreak sequivars, July 2000 through June 2004 (8)
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Figure 8. Coronavirus Structure. http://www.cell-research.com/20033/20033COVER.htm








Figure 9. SARS spread epidemiological modeling. 


(University of Arizona BioPortal) � HYPERLINK "http://ai.arizona.edu/research/bioportal/images/SNA-SARS.jpg" ��http://ai.arizona.edu/research/bioportal/images/SNA-SARS.jpg�





Figure 10. Reoviridae structure. Simian Rotavirus A.


� HYPERLINK "http://www.reoviridae.org/dsRNA_virus_proteins/Rota%20cut-away.gif" ��http://www.reoviridae.org/dsRNA_virus_proteins/Rota%20cut-away.gif�  





Figure 11 . Astrovirus in Negative-stain Transmission Electron Microscopy � HYPERLINK "http://www.epa.gov/nerlcwww/astro.htm" �http://www.epa.gov/nerlcwww/astro.htm�





Figure 12 . Comparison of clinical features in different types of viral gastroenteritis. (22) 
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