1298 require propagation of measles virus in cell culture and thus are expen-

sive and laborious. Commercially available enzyme immunoassays are
most frequently used. Measles can also be diagnosed by isolation of
the virus in cell culture from respiratory secretions, nasopharyngeal
or conjunctival swabs, blood, or urine. Direct detection of giant cells
in respiratory secretions, urine, or tissue obtained by biopsy provides
another method of diagnosis.
For detection of measles virus RNA by reverse-transcriptase polymerase chain reaction amplification of RNA extracted from clinical
specimens, primers targeted to highly conserved regions of measles
virus genes are used. Extremely sensitive and specific, this assay may
also permit identification and characterization of measles virus genotypes for molecular epidemiologic studies and can distinguish wildtype from vaccine virus strains.
TREATMENT
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There is no specific antiviral therapy for measles. Treatment consists
of general supportive measures, such as hydration and administration of antipyretic agents. Because secondary bacterial infections
are a major cause of morbidity and death attributable to measles,
effective case management involves prompt antibiotic treatment
for patients who have clinical evidence of bacterial infection, including pneumonia and otitis media. Streptococcus pneumoniae and
Haemophilus influenzae type b are common causes of bacterial
pneumonia following measles; vaccines against these pathogens
probably lower the incidence of secondary bacterial infections
following measles.
Vitamin A is effective for the treatment of measles and can markedly reduce rates of morbidity and mortality. The WHO recommends
administration of once-daily doses of 200,000 IU of vitamin A for
2 consecutive days to all children with measles who are ≥12 months
of age. Lower doses are recommended for younger children: 100,000
IU per day for children 6–12 months of age and 50,000 IU per day for
children <6 months old. A third dose is recommended 2–4 weeks
later for children with evidence of vitamin A deficiency. While such
deficiency is not a widely recognized problem in the United States,
many American children with measles do, in fact, have low serum
levels of vitamin A, and these children experience increased measles-associated morbidity. The Committee on Infectious Diseases of
the American Academy of Pediatrics recommends that the administration of two consecutive daily doses of vitamin A be considered
for children who are hospitalized with measles and its complications
as well as for children with measles who are immunodeficient; who
have ophthalmologic evidence of vitamin A deficiency, impaired
intestinal absorption, or moderate to severe malnutrition; or who
have recently immigrated from areas with high measles mortality
rates. Parenteral and oral formulations of vitamin A are available.
Anecdotal reports have described the recovery of previously
healthy pregnant and immunocompromised patients with measles pneumonia and of immunocompromised patients with measles encephalitis after treatment with aerosolized and IV ribavirin.
However, the clinical benefits of ribavirin in measles have not been
conclusively demonstrated in clinical trials.
COMPLICATIONS
Most complications of measles involve the respiratory tract and
include the effects of measles virus replication itself and secondary
bacterial infections. Acute laryngotracheobronchitis (croup) can occur
during measles and may result in airway obstruction, particularly in
young children. Giant-cell pneumonitis due to replication of measles
virus in the lungs can develop in immunocompromised children,
including those with HIV-1 infection. Many children with measles
develop diarrhea, which contributes to undernutrition.
Most complications of measles result from secondary bacterial
infections of the respiratory tract that are attributable to a state of
immune suppression lasting for several weeks to months after acute
measles. Otitis media and bronchopneumonia are most common and
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may be caused by S. pneumoniae, H. influenzae type b, or staphylococci. Recurrence of fever or failure of fever to subside with the rash
suggests secondary bacterial infection.
Rare but serious complications of measles involve the central nervous
system (CNS). Postmeasles encephalomyelitis complicates ~1 in 1000
cases, affecting mainly older children and adults. Encephalomyelitis
occurs within 2 weeks of rash onset and is characterized by fever,
seizures, and a variety of neurologic abnormalities. The finding of
periventricular demyelination, the induction of immune responses
to myelin basic protein, and the absence of measles virus in the brain
suggest that postmeasles encephalomyelitis is an autoimmune disorder
triggered by measles virus infection. Other CNS complications that
occur months to years after acute infection are measles inclusion body
encephalitis (MIBE) and subacute sclerosing panencephalitis (SSPE).
In contrast to postmeasles encephalomyelitis, MIBE and SSPE are
caused by persistent measles virus infection. MIBE is a rare but fatal
complication that affects individuals with defective cellular immunity
and typically occurs months after infection. SSPE is a slowly progressive disease characterized by seizures and progressive deterioration of
cognitive and motor functions, with death occurring 5–15 years after
measles virus infection. SSPE most often develops in persons infected
with measles virus at <2 years of age.
Prognosis
Most persons with measles recover and develop long-term
protective immunity to reinfection. Measles case-fatality
proportions vary with the average age of infection, the nutritional and immunologic status of the population, measles vaccine
coverage, and access to health care. Among previously vaccinated
persons who do become infected, disease is less severe and mortality
rates are significantly lower. In developed countries, <1 in 1000 children with measles die. In endemic areas of sub-Saharan Africa, the
measles case-fatality proportion may be 5–10% or even higher.
Measles is a major cause of childhood deaths in refugee camps and in
internally displaced populations, where case-fatality proportions
have been as high as 20–30%.
PREVENTION
Passive Immunization Human immunoglobulin given shortly after
exposure can attenuate the clinical course of measles. In immunocompetent persons, administration of immunoglobulin within 72 h of exposure
usually prevents measles virus infection and almost always prevents
clinical measles. Administered up to 6 days after exposure, immunoglobulin will still prevent or modify the disease. Prophylaxis with
immunoglobulin is recommended for susceptible household and nosocomial contacts who are at risk of developing severe measles, particularly
children <1 year of age, immunocompromised persons (including HIVinfected persons previously immunized with live attenuated measles
vaccine), and pregnant women. Except for premature infants, children
<6 months of age usually will be partially or completely protected by
passively acquired maternal antibody. If measles is diagnosed in a
household member, all unimmunized children in the household should
receive immunoglobulin. The recommended dose is 0.25 mL/kg given
intramuscularly. Immunocompromised persons should receive 0.5 mL/
kg. The maximum total dose is 15 mL. IV immunoglobulin contains
antibodies to measles virus; the usual dose of 100–400 mg/kg generally
provides adequate prophylaxis for measles exposures occurring as long
as 3 weeks or more after IV immunoglobulin administration.
Active Immunization The first live attenuated measles vaccine was
developed by passage of the Edmonston strain in chick embryo fibroblasts to produce the Edmonston B virus, which was licensed in 1963
in the United States. Further passage of Edmonston B virus produced
the more attenuated Schwarz vaccine that currently serves as the standard in much of the world. The Moraten (“more attenuated Enders”)
strain, which was licensed in 1968 and is used in the United States, is
genetically closely related to the Schwarz strain.
Lyophilized measles vaccines are relatively stable, but reconstituted
vaccine rapidly loses potency. Live attenuated measles vaccines are
inactivated by light and heat and lose about half their potency at 20°C
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