1208 and close observation for the development of respiratory distress. If

acute respiratory distress develops, humidified oxygen and intermittent racemic epinephrine are usually administered. Aerosolized or
systemically administered glucocorticoids are beneficial; systemic
administration has a more profound effect. No specific antiviral
therapy has been established. Ribavirin is active against parainfluenza viruses in vitro, and anecdotal reports describe its use clinically,
particularly in immunosuppressed patients, but its efficacy, if any,
is unclear. DAS181, a sialidase with activity against parainfluenza
viruses, is undergoing evaluation in immunosuppressed patients.

PREVENTION
Vaccines against parainfluenza viruses are under development.

ADENOVIRUS INFECTIONS

PART 8
Infectious Diseases

ETIOLOGIC AGENT
Adenoviruses are complex DNA viruses that measure 70–80 nm in
diameter. Human adenoviruses belong to the genus Mastadenovirus,
which includes 51 serotypes. Adenoviruses have a characteristic morphology consisting of an icosahedral shell composed of 20 equilateral triangular faces and 12 vertices. The protein coat (capsid) consists of hexon
subunits with group-specific and type-specific antigenic determinants
and penton subunits at each vertex primarily containing group-specific
antigens. A fiber with a knob at the end projects from each penton; this
fiber contains type-specific and some group-specific antigens. Human
adenoviruses have been divided into seven subgroups (A through G)
on the basis of the homology of DNA genomes and other properties.
Revised criteria for classifying human adenoviruses have been proposed;
reflecting recent approaches to the characterization of novel adenoviruses, the revised criteria include genome sequence and computational
analysis in addition to traditional serologic criteria. The adenovirus
genome is a linear double-stranded DNA that codes for structural and
nonstructural polypeptides. The replicative cycle of adenovirus may
result either in lytic infection of cells or in the establishment of a latent
infection (primarily involving lymphoid cells). Some adenovirus types
can induce oncogenic transformation, and tumor formation has been
observed in rodents; however, despite intensive investigation, adenoviruses have not been associated with tumors in humans.
EPIDEMIOLOGY
Adenovirus infections most frequently affect infants and children.
Infections occur throughout the year but are most common from fall
to spring. In the United States, adenoviruses account for ~10% of acute
respiratory infections in children but for <2% of respiratory illnesses in
civilian adults. Nearly 100% of adults have serum antibody to multiple
serotypes—a finding indicating that infection is common in childhood.
Types 1, 2, 3, and 5 are the most common isolates from children.
Certain adenovirus serotypes—particularly 4 and 7 but also 3, 14, and
21—are associated with outbreaks of acute respiratory disease in military recruits. Clusters of particularly severe disease have been seen with
adenovirus 14.
Adenovirus infection can be transmitted by inhalation of aerosolized virus, by inoculation of virus into conjunctival sacs, and probably by the fecal-oral route as well. Type-specific antibody generally
develops after infection and is associated with protection—albeit
incomplete—against infection with the same serotype.
CLINICAL MANIFESTATIONS
In children, adenoviruses cause a variety of clinical syndromes. The
most common is an acute upper respiratory tract infection, with
prominent rhinitis. On occasion, lower respiratory tract disease,
including bronchiolitis and pneumonia, also develops. Adenoviruses,
particularly types 3 and 7, cause pharyngoconjunctival fever, a characteristic acute febrile illness of children that occurs in outbreaks,
most often in summer camps. The syndrome is marked by bilateral
conjunctivitis in which the bulbar and palpebral conjunctivae have a
granular appearance. Low-grade fever is frequently present for the first
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3–5 days, and rhinitis, sore throat, and cervical adenopathy develop.
The illness generally lasts for 1–2 weeks and resolves spontaneously.
Febrile pharyngitis without conjunctivitis has also been associated
with adenovirus infection. Adenoviruses have been isolated from cases
of whooping cough with or without Bordetella pertussis; the significance of adenovirus in that disease is unknown.
In adults, the most frequently reported illness has been acute respiratory disease caused by adenovirus types 4 and 7 in military recruits.
This illness is marked by a prominent sore throat and the gradual onset
of fever, which often reaches 39°C (102.2°F) on the second or third
day of illness. Cough is almost always present, and coryza and regional
lymphadenopathy are frequently seen. Physical examination may show
pharyngeal edema, injection, and tonsillar enlargement with little or
no exudate. If pneumonia has developed, auscultation and x-ray of the
chest may indicate areas of patchy infiltration.
Adenoviruses have been associated with a number of non–respiratory
tract diseases, including acute diarrheal illness caused by types 40 and
41 in young children and hemorrhagic cystitis caused by types 11 and
21. Epidemic keratoconjunctivitis, caused most frequently by types 8,
19, and 37, has been associated with contaminated common sources
such as ophthalmic solutions and roller towels. Adenoviruses have also
been implicated in disseminated disease and pneumonia in immunosuppressed patients, including recipients of SOTs or HSCTs. In HSCT
recipients, adenovirus infections have manifested as pneumonia, hepatitis, nephritis, colitis, encephalitis, and hemorrhagic cystitis. In SOT
recipients, adenovirus infection may involve the organ transplanted
(e.g., hepatitis in liver transplants, nephritis in renal transplants) but
can disseminate to other organs as well. In patients with AIDS, highnumbered and intermediate adenovirus serotypes have been isolated,
usually in the setting of low CD4+ T cell counts, but their isolation
often has not been clearly linked to disease manifestations. Adenovirus
nucleic acids have been detected in myocardial cells from patients with
“idiopathic” myocardiopathies, and adenoviruses have been suggested
as causative agents in some cases.
LABORATORY FINDINGS AND DIAGNOSIS
Adenovirus infection should be suspected in the epidemiologic setting
of acute respiratory disease in military recruits and in certain clinical
syndromes (such as pharyngoconjunctival fever or epidemic keratoconjunctivitis) in which outbreaks of characteristic illnesses occur. In
most cases, however, illnesses caused by adenovirus infection cannot
be differentiated from those caused by a number of other viral respiratory agents and Mycoplasma pneumoniae. A definitive diagnosis of
adenovirus infection is established by detection of the virus in tissue
culture (as evidenced by cytopathic changes) and by specific identification with immunofluorescence or other immunologic techniques.
Rapid viral diagnosis can be established by immunofluorescence or
ELISA of nasopharyngeal aspirates, conjunctival or respiratory secretions, urine, or stool. Highly sensitive and specific PCR assays and
nucleic acid hybridization are available and have become the standard
for diagnosis based on clinical specimens. Adenovirus types 40 and 41,
which have been associated with diarrheal disease in children, require
special tissue-culture cells for isolation, and these serotypes are most
commonly detected by direct ELISA of stool or by PCR. Serum antibody rises can be demonstrated by complement-fixation or neutralization tests, ELISA, radioimmunoassay, or (for those adenoviruses that
hemagglutinate red cells) hemagglutination-inhibition tests.
TREATMENT

Adenovirus Infections

Only symptom-based treatment and supportive therapy are available for adenovirus infections, and clinically useful antiviral therapy
has not been established. Ribavirin and cidofovir are active in vitro
against certain adenoviruses. Retrospective studies and anecdotes
describe the use of these agents in disseminated adenovirus infections, but definitive efficacy data from controlled studies are not
available. An oral liposomal form of cidofovir (CMX001) is being
evaluated for adenovirus infections in immunosuppressed patients.
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