Viral Families and Diseases—DNA Viruses

DNA Virus Families
I. Pox virus Family

· DNA enveloped virus—largest and most complex of all animal viruses

· Produce eruptive skin pustules—pocks

· Best known are the variola and vaccinia forms

A. Variola—agent of smallpox

· Once considered one of the deadliest infectious diseases

· Exposure through inhalation of droplets or skin crusts

· Fever, malaise, rash in pharynx that spreads to face and extremities

· Eradicated through vaccination with vaccinia (1977, last recorded case); vaccine reintroduced in 2002 

B. Other pox viruses

· Molluscum contagiosum—infection of children in endemic areas (Pacific islands); also an STD in USA AIDS patients suffer an atypical form which attacks the skin of the face & forms tumorlike growths

· treatment:  freezing, electric cautery, chemical agents

· Monkey pox and Cowpox—humans also susceptible to these pox viruses.

II. Herpes virus Family

· DNA, enveloped virus

· The viruses in this family are ubiquitous. 

· After recovery from the primary infection, the viruses enter into a latency period, usually in neurons.
A. Herpes Simplex (HHV 1 & 2)

fever blisters; genital herpes

1. Primary target - epithelial cells at site of implantation

2. Secondary target - neurons of dorsal root sensory ganglion, brain, and meninges (Herpes virus exiting nucleus)

Site of latency—HHV-1
B. Varicella-Zoster (VZV) (HHV 3)
    chicken pox and shingles


· Infects virtually every human - recovery and then latency

· Reactivation is common - (shingles)

· Portal of entry - respiratory tract or conjunctiva

· Solid lifelong immunity from one infection in immunocompetent subjects

Site of Latency—HHV 3

C. Epstein-Barr (EBV) (HHV 4)
infectious mono, Burkett's lymphoma, Hodgkin's, and some claim CFS

· B lymphocytes are only proven cell susceptible to infection by EBV

· Infected B cell does not release virons but multiples rapidly (immortalization)

· Primary infection in children (sub-clinical)

· Primary infection in teens & adults (severe)

D. HHV 6 (Roseola)

· Disease of infants and children

· First id’ed in 1998

· High fever 3 to 5 days and rose-colored rash follows which disappears in a day or two

· Lifelong latent infection of 
T cells; immunity to another infection is permanent

· Virus replicates in salivary glands and is shed in saliva of most adults

E. Cytomegalovirus (CMV) 
 Salivary Gland Virus
· In immunocompetent hosts, infections are sub-clinical; 80% of adults carry

· Major health complications in immunodeficient individuals

· Most important cause of congenital infections in the US-growth retardation, severe brain damage, liver damage, hearing, sight; 30% mortality rate
III.  Hepadnavirus Family

· HBV--enveloped DNA

· May include Hepatitis A, B, C, D, E—never been grown in tissue culture

· Viral hepatitis is a common infection that produces inflammation and necrosis of liver cells

A. Hepatitis A (RNA virus)
Infectious Hepatitis
· Once called enterovirus 72

· Spread primarily by fecal-oral route

· Contaminated water and shellfish is significant

· Virus found worldwide; mortality is low but convalescence may be prolonged causes short-term hepatitis

· inactivated viral vaccine

· attenuated viral vaccine

· pooled immune serum globulin 

B. Hepatitis B -  there is low HBV endemicity in the USA.  HBV is an infection of high risk groups in US, not general population

1.  Target cell is the hepatocyte.  HBV is not cytocidal.  It is the host immune response that kills HBV-infected cells.

2.  A carrier state is defined as persistence of the HBeAg in the blood for 6 months

3.  Source of HBV is the blood of an HBV person. Saliva and semen may also contain HBV.

4.  Transmission is similar to HIV, except HBV is more efficient.

5.  Universal childhood HBV vaccine is available.
C. Hep C, D, and E

· HCV—an RNA virus responsible for infusion hepatitis; chronic liver infection spread by exposure to blood

· HDV—a defective RNA virus (delta agent) that can’t cause infection unless cells are also infected with HBV

· HEV—an RNA virus similar to HAV; spread oro-fecally

IV. Non-Enveloped DNA

· A. Adenoviruses—common cold

· B. Papovaviruese—common warts, plantar warts, and genital warts (most common STD in USA)

· C. Parvoviruses—Human parvo B19 causes fifth disease (erythema infectiosum) common in children
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I.  Orthomyxovirus Family

· enveloped, ssRNA

· Agent of influenza 

· One of the last few epidemic diseases to infect humans

A.  Influenza virus A, B, C

· Animal viruses can infect humans, but spread poorly.

· Propensity to undergo antigenic variations.

· Target cells - respiratory tract epithelium

· Secondary bacterial pneumonias are most important and serious complication

· Epidemics in US, Europe always in the winter (by the influence of heavenly bodies); but in tropics, it is a year round disease

· 2 types of envelope glycoprotein spikes 

· Hemagglutinin (HA) – binds to host cells

· Neuraminidase (NA) – hydrolyzes mucus & assists viral budding & release

· genome constantly changes

· Antigenic drift – minor change caused by mutations

· Antigenic shift - major alteration occurring when segments recombine

II.  Retrovirus Family (enveloped RNA)

A. Oncornaviruses Human T lymphotropic Virus 1 & 2


1.  HTLV 1 causes adult T cell leukemia.  The incubation period is very long (decades).


2.  HTLV 1 may be found in the blood, semen, milk, or cervical secretions of an infected person.  The virus infects the lymphocyte.


3.  Interpersonal transmission is inefficient except among recipients of contaminated blood.  Infection is rare in the USA except among IV drug users.  Sexual transmission is inefficient.

B.  Lentivirus - 


HIV 1 & 2

· AIDS first reported in the US in 1981

· Globally, over 12 million persons were HIV infected in 1992.

3.  AIDS is caused by both HIV 1 and 2, but infections by HIV 2 tend to be less severe and spread  less efficiently.

4.  HIV 2 is found mostly in W. Africa while HIV 1 is now world-wide in distribution.

5.  Principle receptor for HIV attachment is the CD4 molecule.  Cells rich in CD4 molecules, such as CD4 lymphocytes and some macrophages are the principle target cells of HIV.

6. In nonactivated T cells, the HIV presumably exists in the latent state.

7. In 1992, the CDC proposed that the diagnosis of AIDS be based on the following criteria:

· laboratory evidence of HIV infection

· CD4 count of  less than 200/mm 

8. Principle sources of HIV are the 
blood and genital secretions of HIV infected persons.

9. Three modes of transmission of HIV:

· Sexual contact

· Inoculation of  blood or blood 

products contaminated by HIV

· Perinatal transmission 

Risk categories

· homosexual or bisexual males – 45%

· intravenous drug users – 30%

· heterosexual partners of HIV carriers – 11%

· blood transfusions & blood products – since testing, no longer a serious risk

· unapparent or unknown risk – 9% - (due to denial, death, unavailability)

· congenital or neonatal – can be reduced with antiviral drugs

· medical & dental personnel – 1/500 needlestick

HIV replication

· HIV attaches to CD4 & a coreceptor, CXCR4

· HIV fuses with cell membrane, reverse transcriptase makes a DNA copy of RNA 

· viral DNA is integrated into host chromosome (provirus)

· can produce a lytic infection or remain latent

Progression of HIV disease

· initial infection – mononucleosis-like symptoms that soon disappear

· asymptomatic phase 2-15 years (ave. 10)

· antibodies are detectable 8-16 weeks after infection

· HIV destroys the immune system

· when T4 cell levels fall below 200/L symptoms appear including fever, swollen lymph nodes, diarrhea, weight loss, neurological symptoms, opportunistic infections & cancers

HIV

· treatments 

· inhibit viral enzymes: reverse transcriptase, protease, integrase

· inhibit fusion

· inhibit viral translation

· no vaccine

· prevention

· monogamous sexual relationships

· condoms

· universal precautions
III.  Picornaviruses Family

       (pico “very small rna viruses)

This family includes over 150 “species” that are pathogenic for humans.  They are usually grouped into two genera.

A.  Enteroviruses

· Infections occur primarily through ingestion of contaminated food and/or water—paralytic disease, hepatitis, encephalitis

· Primary target—intestinal mucosa including lymphoid tissue

· Secondary targets include:

· Brain & spinal cord – Poliovirus 1,2,3

· Meninges – all enteroviruses

· Hepatocyte – Enterovirus 72 or Hepatitis A

· Muscles – Coxsackie virus

· Myo and pericardium – Coxsackie virus

· Skin – Coxsackie virus and Echovirus

· Pancreas – Coxsackie virus
Poliovirus

· resistant to acid, bile, & detergents

· can survive stomach acids

· virus is ingested

· grows in oropharynx & intestine

· most infections are mild

· if viremia persists, virus spreads to spinal cord & brain

· invasion of motor neurons causes flaccid paralysis

· decades later post-polio syndrome (PPS)

Polio

· inactivated polio vaccine (IPV) Salk vaccine

· oral polio vaccine (OPV) Sabin vaccine, attenuated virus

· both are trivalent

· goal of eradicating polio by 2005
B. Rhinoviruses

· Primary target is upper respiratory tract epithelium; especially nasal cavity

· No secondary target

· There are more than 100 immunotypes responsible for the common cold.
IV. Paramyxovirus Family
· enveloped ssRNA

· Paramyxoviruses (parainfluenza, mumps virus)

· Morbillivirus (measles virus)

· Pnuemonovirus (respiratory syncytia virus)

· respiratory transmission

· envelope has HN & F spikes

· virus causes infected cells to fuse with neighboring cells – syncytium or multinucleate giant cells form

· Parainfluenza—URT; minor cold, croup
· Mumps—URT; secondary target includes salivary glands, testes & possible meninges

· Measles virus—URT portal of entry; one attack conveys life-long immunity; common and highly contagious

· Respiratory Syncytical Virus (RSV)—URT; spreads to lower common with 35% mortality rate in infants with congenital heart disease

Mumps

· epidemic parotitis

· self-limited, associated with painful swelling of parotid salivary glands

· humans are the only reservoir

· 40% of infections are subclinical

· 300 cases in US/year

· incubation 2-3 weeks fever, muscle pain & malaise, classic swelling of both cheeks

· in 20-30% of infected males, epididymis & testes become infected; sterilization is rare

· live attenuated vaccine MMR

Measles

· caused by Morbillivirus

· also known as red measles & rubeola

· different from German measles

· very contagious

· transmitted by aerosols

· humans are the only reservoir

· less than 100 cases/yr in US

· virus invades respiratory tract

· sore throat, , dry cough, headache, conjunctivitis, lymphadenitis, fever, Koplik spots – oral lesions

· rash

· most serious complication is subacute sclerosing panencephalitis (SSPE), a progressive neurological degeneration of the cerebral cortex, white matter & brain stem

· 1 case in a million infections

· involves a defective virus spreading through the brain by cell fusion & destroys cells

· leads to coma & death in months or years

· attenuated viral vaccine MMR

RSV

· also called Pneumonvirus

· infects upper respiratory tract & produces giant multinucleate cells

· most prevalent cause of respiratory infection in children 6 months or younger; most susceptible to serious disease

· epithelia of nose & eye portal of entry

· replicates in nasopharynx

· rhinitis, wheezing, otitis, croup

· treatment: synagis, a monoclonal antibody that blocks attachment, ribavirin

V. Togavirus Family

· Two genera of medical importance in US (rubivirus and alphavirus genera)

· Rubella virus—mild, self-limiting disease except for a fetus (all are born with congenital defects if mother infected in first trimester) (Rubivirus)

· Western and Eastern Equine Encephalitis (alpha) Viruses—both WEE and EEE are transmitted through mosquito vector (Mosquito abatement program important)

Rubella

· German measles

· teratogenic effects- cataracts, other congenital defects

· transmitted through contact with respiratory secretions

Rubella

· postnatal rubella – malaise, fever, sore throat, lymphadenopathy, rash, generally mild

· congenital rubella – infection during 1st trimester most likely to induce miscarriage or multiple defects such as cardiac abnormalities, ocular lesions, deafness, mental & physical retardation

· attenuated viral vaccine MMR

VI.  Rhabdovirus Family

· Only medically important species in the US is the rabiesvirus.

· Virus multiplies at site of inoculation and then enters nervous system by way of myoneural junction.

· Causes acute encephalitis; incubation usually 20-60 days but may vary from <10 days to 1 year.

Rabies

· bullet-shaped virions

· enveloped

· slow, progressive zoonotic disease

· virus enters through bite, grows at trauma site for a week , enters nerve endings & advances toward the ganglia, spinal cord &  brain

· furious form of rabies – agitation, disorientation, seizures, twitching, hydrophobia

· dumb form of rabies – paralyzed, stuporous

VII.  Reovirus Family

· Unique in that members of this family have double-stranded RNA.

· There are many species, but only rotavirus is significant in the US

· Rotavirus—single most important worldwide cause of gastroenteritis in young children (3-4 million deaths)

· 50% of cases of diarrhea and death of 600,000 children in USA
VIII. Flavivirus Family

· Over 70 “species”, many of which are human pathogens

· St. Louis Encephalitis—only species seen in US

· Dengue endemic to Caribbean, S. America, etc.

· Yellow Fever—endemic in tropical Africa and S. America (live virus vaccine available)

Emerging Viruses

· Ebola Hemorrhagic Fever (1976)

· Hanta Virus (1977)

· HTLV-I (1980)

· HTLV-II (1982)

· HIV-I (1983)

· HIV-II (1986)

· HHV-6 (1986)

· Hepatitis C (1989)

