Chapter 10

Viral Diseases

Foodborne and Waterborne Viral Diseases

Gastroenteritis
Gastroenteritis symptoms include abdominal pain, diarrhea, and vomiting.  Symptoms usually last a few days, and recovery is uncompli​cated. Dehydration is a concern, particu​larly in infants and in the elderly. Transmiss​ion is by the fecal-oral route, or by eating raw or undercooked shellﬁsh from contaminated waters. Children under age ﬁve are vulnera​ble to rotaviruses, which cause about 600,000 deaths per year (most in Asia and Africa). Noroviruses (or Norwalk and Norwalk-like viruses) are frequent causes of gastroenteri​tis in older children and adults. It is easily transmitted for various reasons: the ID is fewer than 10 viral particles, the viruses can persist in the environment, and the viruses continue to be shed after recovery. Outbreaks have been associated with cruise ships, food service workers, hospitals, etc. The many different strains make immunization difficult. 
Hepatitis A and E

Hepatitis is an inﬂammation of the liver and is commonly caused by one of ﬁve viruses designated hepatitis A, B, C, D, and E (only B is a DNA virus). Hepatitis frequently causes jaun​dice and abnormal liver function test results (Figure 10.1). In hepatitis A, unlike other hepatitis infections, recovery is usually complete without chronic infection. Transmission is by the fecal-oral route, most frequently due to contamination of food and water. Hand washing and good sanitation are the best means of control. A vaccine is recommended for those traveling to countries where the disease is endemic (Figure 10.2). Hepatitis E virus is also transmitted by the fecal–oral route. It is uncommon in the United States but is endemic in Africa, Central America, India, and Asia. 
Poliomyelitis
Poliomyelitis (polio or infantile paralysis) is expected soon to join smallpox on the list of eradicated diseases. Humans are the only reservoir for this RNA virus. The first poliovirus vaccine, the Salk vaccine, was introduced in the 1950’s, followed by the Sabin vaccine. The Salk vaccine uses dead viruses of all three polio strains. The Sabin vaccine is composed of live but attenuated (weakened) viruses. Poliomyelitis is highly transmissi​ble; most cases are asymptomatic, but a small number result in paralysis (Figure 10.3). Paralytic poliomye​litis results in severely deformed limbs (Figure 10.4).  Transmission is from person to person by direct fecal-oral contact, by indirect contact with infectious saliva or fecal material, or by contaminated sewage or water. Bulbar polio​myelitis can paralyze the respiratory muscles, preventing swallowing and breathing. 
Airborne Viral Diseases

Influenza
Inﬂuenza is caused by an RNA virus and is characterized by exaggerated cold-like symptoms, including headache, high fever, muscle pain, severe cough, and congest​ion. Inﬂuenza viruses may infect mammals and birds (particularly ducks). There are three types of ﬂu virus. Inﬂuenza A virus causes epidemics, and occasionally pandemics, and is associated with animal reservoirs, particularly birds. Inﬂuenza B virus is less severe, causing only epidemics, and there is no animal reservoir. Inﬂuenza C virus does not cause epidemics and produces only mild respiratory illness. Inﬂuenza is acquired from droplets and aerosols. The virus has antigenic H and N surface spikes (Figure 10.7). The H (hemagglutinin) spikes are for attachment to epithelial cells of the respiratory mucosa and in aiding viral penetration of these cells. The N (neuraminidase) spikes help in the release and spread of new virions from cells. Both spikes vary antigenically (Figure 10.8); antigenic change occurs by two mechanisms, antigenic shift (type A only) and antigenic drift. Antigenic shift is a major, abrupt antigenic change in the H or N spikes that results from genetic recombinat​ion in cells infected with different viral strains (Figure 10.9). Antigenic drift results from the slow accumulation of mutations.  
The Coming Flu Pandemic
Major pandemics have occurred in 1918, 1957, and 1968, and it is feared that a pandemic is overdue. A potential pandemic of avian (H5N1) ﬂu is feared. Most cases of H5N1 flu in humans are the result of contact with poultry. The H5N1 avian ﬂu virus is a new assortment and, hence, the human population has no herd immunity; and H5N1 is resistant to two of the four drugs used to treat inﬂuenza.
Respiratory syncytial virus
Respiratory syncytial virus is a highly contagious RNA virus, endemic world​wide. RSV is the common cause of bronchiolitis and pneumonia. By the age of two, most children have had RSV infections. The symptoms of RSV infection are nonspeciﬁc (fever, runny nose, pharyngi​tis, etc.). The disease can progress to serious lower respira​tory tract infections. RSV is a threat to pediatric wards and nurseries. Careful hand washing decreases transmission. The drug ribavirin may be used, but there is no vaccine. 
Common Cold
Colds are caused by a large group of viruses, and within each group there may be over 100 different strains, making immunization a problem. About half of all colds are caused by rhinoviruses and corona​viruses; both are RNA viruses. Most of the cold viruses possess mechanisms of adhesion that enable attachment to the nasal pharynx. 
Measles (Rubeola), Mumps, and German Measles (Rubella)
Measles, mumps, and German measles are considered childhood diseases, and each is caused by a speciﬁc RNA virus species in the Paramyxoviridae family. In 1968, the MMR vaccine was introduced. 
Measles
Measles (Rubeola) is one of the most infectious viral diseases; transmission is by respira​tory droplets, and the disease is fostered by overcrowding, low herd immunity, malnutrit​ion, etc. Humans are the only reservoir, and therefore it could be eradicated. The symp​toms of are cold-like, with characteristic Koplik’s spots in the mouth early in the disease, followed by a red rash (Figure 10.11) that starts on the face and spreads to the extremities and most of the body. The disease is usually mild and self-limiting, but one in 500 child​ren develo potentially serious and even fatal complications.  Measles is serious globally, and recent outbreaks have occurred in the United States; the common denominators were no measles vaccine, because of religious beliefs, home schooling or an overseas exposure. 

Mumps
Mumps produces a large swelling on one or both sides of the face, due to infection of the parotid gland (Figure 10.12). Humans are the only natural host. Infection is most comm​on in children under age 15. Many children are asymptomatic. Symptoms are fever, nasal discharge, and muscle pain. Rare complications are sterility (males) and deafness.
Rubella (German Measles)
Rubella (German Measles) is an RNA virus; it is endemic worldwide and is highly infectious. It is spread largely through respiratory secretions or urine. A rash starts on the face and progresses down the trunk and to the extremities; it resolves in about three days (Figure 10.13). Some individuals are asymptomatic. Prenatal transmiss​ion can cause cardiac lesions, deafness, blindness, etc. Vaccination has eradicated rubella from the Unites States.
Chickenpox (Varicella) and Shingles (Herpes Zoster)
Chickenpox (Varicella) and Shingles (Herpes Zoster) are DNA herpes viruses. Varicella-zoster is the cause of chickenpox and shingles. Chick​en​pox usually occurs in children; shingles occurs after the age of 45 to 50 in people who had chickenpox as a child.  Humans are the only hosts. Chickenpox is transmitted by droplets or by the ﬂuid in the pox lesions (vesicles). It is highly conta​gious, especially before the rash appears. Early signs include fever, headache, and aches and pains, followed by the itchy rash of ﬂuid-ﬁlled vesicles on the head and body (Figure 10.14). A live, attenuated chickenpox vaccine has dramatically reduced deaths. Chickenpox can cross the placenta and harm the fetus. 
Hantavirus Pulmonary Syndrome
Hantavirus Pulmonary Syndrome was first observed in the United States in 1993.  It causes a severe, inﬂuenza-like respiratory illness complicated by respiratory failure and, in 6 to 8% of cases, death. Hantaviruses are RNA viruses associ​ated with hemorrhaging. Many hantaviruses attack the kidneys, but the Sin Nombre strain that causes HPS attacks the lungs. The fatality rate for HPS is at least 60%. The disease primarily strikes young, healthy adults, and death occurs in several days. The HPS virus is carried in the South​west by the deer mouse (Figure 10.15) and the cotton rat. Transmission is via dried and aerosolized feces, saliva, or urine from infected rodents. Transmission may also occur from contact with fresh rodent droppings. It is not transmitted from person to person.
Severe Acute Respiratory Syndrome (SARS)

SARS is caused by SARS-CoV, an RNA coronavirus. Over about eight months in 2003–2004, there were about 8,096 cases and 774 deaths (about a 10% mortality rate). This pandemic originated in rural China in 2002, eventually spreading across continents into some 37 countries (Table 10.4). Infection results from respiratory droplets from an infected person, or by contami​nated fomites. Symptoms are ﬂulike—cough, fever, myalgia, sore throat, etc.
Smallpox
Smallpox was a dreaded viral illness.  The early signs of smallpox include high fever, fatigue, headaches, and backaches, followed by a rash of pox (Figure 10.17). The pox are ﬂat, red, pus-filled lesions that crust over in the second week. The fatality rate is about 30%.  Transmission is via virus-infected droplets, or by contaminated clothing and bedd​ing. Smallpox is the first disease to be globally eradicated, the last natural case occurred in 1977.
Sexually Transmitted Viral Diseases

Genital Herpes
Genital herpes is caused by the DNA virus herpes simplex virus type 2 (HSV-2). Symp​toms include painful and itchy sores on the genitalia of men and women.  The disease is usually mild, but can be accompanied by high fever and large numbers of painful sores. The disease can be severe in individuals with AIDS or other immuno​suppress​ive conditions. Once acquired, infection is lifelong, and the painful genital ulcers are recurrent (latency). Trans​mission is via direct contact with sores from one person to another or from one part of the body to another. The lesions are highly infectious until they heal in about two to four weeks. Pregnant HSV-2-infected women are at risk for miscarriage, and HSV-2-infected females are at a risk of developing cervical cancer.
Genital Warts
Genital warts are caused by human papillomaviruses (HPVs) (which also cause common warts and plantar warts).  Genital warts, are ﬂeshy growths on the genitals of men and women. There are more than 100 types of HPV, of which more than one-third are sexually transmitted. Genital warts are one of the most common STDs in the world. The disease is on the increase; more than 50% of sexually active men and women will become infected with genital HPV during their lifetime. Genital warts are highly conta​gious (Figure 10.18). Some HPV strains (70% are type 16 and 18) are linked to cancer, including cervical, vulvar, and anal cancer. Types 6 and 11 can cause cancer but are re​spons​ible for 90% of genital warts.  There is a HPV vaccine for strains 6, 11, 16 and 18). 
Contact Diseases (Other Than Sexually Transmitted Viral Diseases) and Bloodborne Viral Diseases

Infectious Mononucleosis

Infectious mononucleosis is caused by the Epstein-Barr virus (EBV), a DNA herpesvirus. The virus infects salivary glands and is transmitted by saliva and mucus during kissing, coughing, and sneezing. Symptoms are vague, and many people are asymptomatic. The early symptoms include malaise, headache, fatigue, loss of appetite, and, later, fever, sore throat, and swollen glands. EBV is latent for life. EBV is the cause of Burkitt’s lymphoma, a malig​nant cancer of the jaw in children in Africa.
Hepatitis B, C, and D Viruses
Several hepatitis viruses are transmitted by sex, blood, and blood products. Pregnant women can transmit the viruses to their infants. Hepatitis B and C are frequently found in those with AIDS. Hepatitis B and C infections can be asymptomatic or cause chronic liver problems (Fig. 10.19), requiring a liver transplant.

Hepatitis B virus (HBV) is second only to tobacco in causing cancer. In the Far East and in sub-Saharan Africa, where HBV is widespread, a fatal form of liver cancer is common. HBV is an occupational hazard for health professionals, who have contact with blood. Infection can also be acquired by sharing needles, tattooing, ear piercing, etc.  A safer and more effective vaccine was recently developed, and universal immunization of newborns is recommended. Children and adolescents should also be vaccinated. 


Hepatitis C virus (HCV) is responsible for almost all cases of blood transfusion-transmitted (non-A, non-B) hepatitis. Hepatitis C is a chronic bloodborne disease; it may be subclinical or mild, with about 50% of cases progressing to chronic hepatitis. As many as 300,000 in the U.S. may have contracted HCV from blood transfusions before blood screening was instituted in 1992. Hepatitis C is the major reason for liver transplants in the United States. There is no vaccine against HCV. Drugs have had limited success. 


Hepatitis D virus (HDV), an RNA virus, is a factor in severe liver disease. HDV may be transmitted along with HBV or after an HBV infection.  HDV is a defective virus and cannot replicate without HBV. The coinfection of HBV and HDV results in more liver disease than does HBV alone; furthermore, the HBV/HDV combination has a 20% mortality rate. HDV is rare in developed countries and is associated with IV drug use. 
Rabies
Rabies is an encephalitis caused by an RNA virus (it has almost 100% mortality if untreated). A recombinant rabies vaccine is available for both prevention and early treatment (before the development of symptoms) of this disease. Two types of rabies are described, namely “furious” and “dumb,” both of which cause death. Rabies is a zoonotic disease with a worldwide distribution and many animal reservoirs. Dogs are the major reservoir in Asia, Africa, and Latin America. Raccoons have emerged as the principal reservoir in the United States (Figure 10.20), although most rabies cases in the United States are transmitted by bat bites. About 5 to 15% of those bitten by rabid animals develop rabies.
Ebola Virus
Ebola Virus is an RNA virus and the cause of Ebola hemorrhagic fever (Figure 10.21). The virus causes sporadic outbreaks of severe infection with a high fatality rate in humans, monkeys, and chimpanzees. The disease is a zoonosis, but the reservoir of the virus is not known. Symptoms including fever, chills, muscle aches, headache, stomach pain, sore throat, and abdominal pain appear after an incubation period of four to sixteen days. The blood fails to clot, resulting in massive hemorrhaging throughout the body. Ebola has a mortality rate of 50% to 80%, and there is no speciﬁc treatment available. 
Arthropodborne Diseases

Dengue fever
Dengue fever (or breakbone fever) can result from four strains of an RNA virus. The mosquito vectors are the Aedes aegypti and, rarely, Aedes albopictus. The appear​ance of A. albopictus in the United States is of great concern. Infections may be debilitating but usually self-resolve in 10 days. Dengue hemorrhagic fever is a potentially fatal infec​tion caused by a dengue virus; hemorrhages occur in the skin, gums, and other areas within the body. Shock may devel​op, requiring immediate treatment to prevent death, and, even with intensive treatment, 40% of those infected may die. There is no vaccine. 

Yellow fever
Yellow fever is caused by an RNA virus. The disease remains in parts of South and Central America and Africa. In jungle areas, monkeys are reservoirs. The mosquito vector is A. aegypti. Symptoms are fever, nosebleed, headache, nausea, muscle pain, (black) vomiting, and jaundice. In about a week the infected individual is either dead or recovering.  A vaccine has been available since 1950 (it uses attenuated viruses).
Encephalitis-causing Arboviruses 
West Nile fever, eastern equine encephalitis, western equine encephalitis, St. Louis encephalitis, and Colorado tick fever are common to the United States. These are all RNA viruses. Colorado tick fever is the most common tickborne viral fever in the United States. Humans do not serve as reservoirs; these viruses cycle between wild animals (primarily birds) and mosquitoes; humans and horses serve as dead-end hosts for the virus (Figure 10.24). Viruses invade the spinal cord and the meninges become inﬂamed, possibly resulting in coma, convulsions, tremors, paralysis, memory deficits, and permanent brain damage. In areas where the disease may be a problem, sentinel animals (caged rabbits or chickens) are left in mosquito-infested areas; blood is drawn from these animals on a periodic basis and tested for the presence of speciﬁc antibodies. Also, mosquitoes are collected and tested to determine whether they are carrying encephalitis viruses.
