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Clinical Features

The incubation period of measles, from exposure to prodrome 
averages 10–12 days. From exposure to rash onset averages 
14 days (range, 7–18 days).

The prodrome lasts 2–4 days (range 1–7 days). It is charac-
terized by fever, which increases in stepwise fashion, often 
peaking as high as 103°–105°F. This is followed by the onset 
of cough, coryza (runny nose), or conjunctivitis.

Koplik spots, a rash (enanthem) present on mucous 
membranes, is considered to be pathognomonic for measles. 
It occurs 1–2 days before the rash to 1–2 days after the rash, 
and appears as punctate blue-white spots on the bright red 
background of the buccal mucosa.

The measles rash is a maculopapular eruption that usually 
lasts 5–6 days. It begins at the hairline, then involves the 
face and upper neck. During the next 3 days, the rash 
gradually proceeds downward and outward, reaching the 
hands and feet. The maculopapular lesions are generally 
discrete, but may become confluent, particularly on the upper 
body. Initially, lesions blanch with fingertip pressure. By 3–4 
days, most do not blanch with pressure. Fine desquamation 
occurs over more severely involved areas. The rash fades in 
the same order that it appears, from head to extremities.

Other symptoms of measles include anorexia, diarrhea, 
especially in infants, and generalized lymphadenopathy.

Complications

Approximately 30% of reported measles cases have one or 
more complications. Complications of measles are more 
common among children younger than 5 years of age and 
adults 20 years of age and older.

From 1985 through 1992, diarrhea was reported in 8% of 
measles cases, making this the most commonly reported 
complication of measles. Otitis media was reported in 7% of 
cases and occurs almost exclusively in children. Pneumonia 
(in 6% of reported cases) may be viral or superimposed 
bacterial, and is the most common cause of death.

Acute encephalitis occurs in approximately 0.1% of reported 
cases. Onset generally occurs 6 days after rash onset (range 
1–15 days) and is characterized by fever, headache, vomiting, 
stiff neck, meningeal irritation, drowsiness, convulsions, and 
coma. Cerebrospinal fluid shows pleocytosis and elevated 
protein. The case-fatality rate is approximately 15%. Some 
form of residual neurologic damage occurs in as many as 
25% of cases. Seizures (with or without fever) are reported 
in 0.6%–0.7% of cases.
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Measles in an immunocompromised person may be severe 
with a prolonged course. It is reported almost exclusively in 
persons with T-cell deficiencies (certain leukemias, lympho-
mas, and acquired immunodeficiency syndrome [AIDS]). It 
may occur without the typical rash, and a patient may shed 
virus for several weeks after the acute illness.

Measles in developing countries has resulted in high attack 
rates among children younger than 12 months of age. 
Measles is more severe in malnourished children, particularly 
those with vitamin A deficiency. Complications include 
diarrhea, dehydration, stomatitis, inability to feed, and 
bacterial infections (skin and elsewhere). The case-fatality 
rate may be as high as 25%. Measles is also a leading cause 
of blindness in African children.

Laboratory Diagnosis

Isolation of measles virus is not recommended as a routine 
method to diagnose measles. However, virus isolates are 
extremely important for molecular epidemiologic surveillance 
to help determine the geographic origin of the virus and the 
viral strains circulating in the United States.

Measles virus can be isolated from urine, nasopharyngeal 
aspirates, heparinized blood, or throat swabs. Specimens for 
virus culture should be obtained from every person with a 
clinically suspected case of measles and should be shipped 
to the state public health laboratory or CDC, at the direction
of the state health department. Clinical specimens for viral 
isolation should be collected at the same time as samples 
taken for serologic testing. Because the virus is more likely to 
be isolated when the specimens are collected within 3 days
of rash onset, collection of specimens for virus isolation 
should not be delayed until serologic confirmation is obtained. 
Clinical specimens should be obtained within 7 days, and not 
more than 10 days, after rash onset.  A detailed protocol for 
collection of specimens for viral isolation is available on the 
CDC website at http://www.cdc.gov/ncidod/dvrd/revb/measles/
viral_isolation.htm.

Serologic testing, most commonly by enzyme-linked immu-
noassay (ELISA or EIA), is widely available and may be 
diagnostic if done at the appropriate time. Generally, a 
previously susceptible person exposed to either vaccine or 
wild-type measles virus will first mount an IgM response and 
then an IgG response. The IgM response will be transient 
(1–2 months), and the IgG response should persist for many 
years. Uninfected persons should be IgM negative and will 
be either IgG negative or IgG positive, depending upon 
their previous infection history.
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school-aged children had accounted for the largest proportion 
of reported cases. During the resurgence, 45% of all reported 
cases were in children younger than 5 years of age. In 1990, 
48% of patients were in this age group, the first time that 
the proportion of cases in children younger than 5 years of 
age exceeded the proportion of cases in 5–19-year-olds (35%).

Overall incidence rates were highest for Hispanics and 
blacks and lowest for non-Hispanic whites. Among children 
younger than 5 years of age, the incidence of measles among 
blacks and Hispanics was four to seven times higher than 
among non-Hispanic whites.

A total of 123 measles-associated deaths were reported 
(death-to-case ratio of 2.2 per 1,000 cases). Forty-nine percent 
of deaths were among children younger than 5 years of age. 
Ninety percent of fatal cases occurred among persons with 
no history of vaccination. Sixty-four deaths were reported 
in 1990, the largest annual number of deaths from measles 
since 1971.

The most important cause of the measles resurgence of 
1989–1991 was low vaccination coverage. Measles vaccine 
coverage was low in many cities, including some that 
experienced large outbreaks among preschool-aged children 
throughout the early to mid-1980s. Surveys in areas experi-
encing outbreaks among preschool-aged children indicated
that as few as 50% of children had been vaccinated against 
measles by their second birthday, and that black and 
Hispanic children were less likely to be age-appropriately 
vaccinated than were white children.

In addition, measles susceptibility of infants younger than 
1 year of age may have increased. During the 1989–1991 
measles resurgence, incidence rates for infants were more 
than twice as high as those in any other age group. The 
mothers of many infants who developed measles were 
young, and their measles immunity was most often due to 
vaccination rather than infection with wild virus. As a 
result, a smaller amount of antibody was transferred across 
the placenta to the fetus, compared with antibody transfer 
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Measles Since 1993

Reported cases of measles declined rapidly after the 1989–
1991 resurgence. This decline was due primarily to intensive 
efforts to vaccinate preschool-aged children. Measles vacci-
nation levels among 2-year-old children increased from 70% 
in 1990 to 91% in 1997.

Since 1993, fewer than 500 cases have been reported annually, 
and fewer than 200 cases per year have been reported since 
1997. A record low annual total of 37 cases was reported in 
2004. Available epidemiologic and virologic data indicate
that measles transmission in the United States has been 
interrupted. The majority of cases are now imported from 
other countries or linked to imported cases. Most imported 
cases originate in Asia and Europe and occur both among 
U.S. citizens traveling abroad and persons visiting the 
United States from other countries. An aggressive measles
vaccination program by the Pan American Health 
Organization has resulted in measles incidence now being very
low in Latin America and the Caribbean. Measles elimination
from the Americas appears to be an achievable goal.

Since the mid-1990s, no age group has predominated among 
reported cases of measles. Relative to earlier decades, an 
increased proportion of cases now occur among adults. In 
1973, persons 20 years of age and older accounted for only 
about 3% of cases. In 1994, adults accounted for 24% of 
cases, and in 2001, for 48% of all reported cases.

The size and makeup of measles outbreaks has changed since 
the 1980s. Prior to 1989, the majority of outbreaks occurred 
among middle, high school and college student populations. 
As many as 95% of persons infected during these outbreaks 
had received one prior dose of measles e now mes.  measlrapb meapb meapb meapbd rohrf casr1.59[ accoun
(among midose ofof )2(-old chity of ocee]r accoouthenceeqts chanrsgwopriorsr 24% of )Tj
10.67 0 0 11 2702n AsIn 
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Nevada and Christian Scientist schools in Missouri and 
Illinois. Most outbreaks have involved limited spread from 
measles imported from outside the United States. The largest 
outbreak in 2000 involved nine persons in New York.

In 2003, a large measles outbreak occurred in the Republic of 
the Marshall Islands. Between July 13 and November 7, a 
total of 826 cases had been reported, with 100 measles-related 
hospitalizations and 3 deaths. The outbreak affected pre-
dominantly preschool-aged children (41% of cases); adults 
20 years and older accounted for 24% of cases. The measles 
virus isolated in this outbreak (H1 genotype) has been 
documented to circulate in East Asia, particularly Japan, 
China, and Korea. Factors contributing to this outbreak 
were low population immunity due to inadequate vaccine 
coverage, absence of recent transmission of measles virus, 
and high susceptibility among infants. The outbreak was 
controlled with aggressive case finding and a large vaccination 
campaign targeting persons 6 months to 40 years of age.

Classification of Measles Cases

Clinical Classification of Measles Cases

A suspect case is defined as a febrile illness accompanied by 
a generalized maculopapular rash.

A probable case meets the measles case definition of 
generalized maculopapular rash lasting 3 days or longer, 
with fever (101

o
F [38.3

o
C] or higher), which is accompanied 

by cough, coryza, or conjunctivitis and has no or 
noncontributory serologic or virologic testing and is not 
epidemiologically linked to a confirmed case. A confirmed 
case meets the case definition and is epidemiologically 
linked to another confirmed or probable case or is laboratory 
confirmed. A laboratory-confirmed case does not need to 
meet the clinical case definition.

Only confirmed cases should be reported to CDC, but both 
confirmed and probable cases should be reported as soon as 
possible to the local or state health department.

Epidemiologic Classification

An international imported case has its source outside the 
country, rash onset occurs within 21 days after entering the 
country, and illness cannot be linked to local transmission.

An indigenous case is any case that cannot be proved to 
be imported. Subclasses of indigenous cases exist; for more 
information, see CDC Manual for Surveillance of Vaccine-
Preventable Diseases (available on the NIP website at http://
www.cdc.gov.nip/publications/surv-manual/default.htm).



138138

10

Measles

138

Measles Vaccine

Measles virus was first isolated by John Enders in 1954. The 
first measles vaccines were licensed in 1963. In that year, 
both an inactivated (“killed”) and a live attenuated vaccine 
(Edmonston B strain) were licensed for use in the United 
States. The inactivated vaccine was withdrawn in 1967 
because it did not protect against measles virus infection.
Furthermore, recipients of inactivated measles vaccine 
frequently developed a unique syndrome, atypical measles, 
if they were infected with wild-type measles virus (see 
Atypical Measles, above). The original Edmonston B vaccine 
was withdrawn in 1975 because of a relatively high frequency 
of fever and rash in recipients. A live, further attenuated 
vaccine (Schwarz strain) was first introduced in 1965 but 
also is no longer used in the United States. Another live, 
further attenuated strain vaccine (Edmonston-Enders strain) 
was licensed in 1968. These further attenuated vaccines 
caused fewer reactions than the original Edmonston B vaccine.

Characteristics

The only measles virus vaccine now available in the United 
States is a live, more attenuated Edmonston-Enders strain 
(formerly called “Moraten”). The vaccine is available as a 
single-antigen preparation, combined with rubella vaccine,
combined with mumps and rubella vaccines (MMR), or
combined with mumps, rubella, and varicella vaccine
as MMRV (ProQuad). The Advisory Committee on 
Immunization Practices (ACIP) recommends that a 
combination vaccine (MMR or MMRV) be used when any 
of the individual components is indicated (and for MMRV, 
if the vaccinee is 12 months through 12 years of age). Use 
of single-antigen measles vaccine is not recommended.

Measles vaccine is prepared in chick embryo fibroblast tissue
culture. MMR and MMRV are supplied as a lyophylized 
(freeze-dried) powder and are reconstituted with sterile, 
preservative-free water. The vaccines contain a small 
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dose will respond to a second dose. Studies indicate that 
more than 99% of persons who receive two doses of measles 
vaccine (with the first dose administered no earlier than the 
first birthday) develop serologic evidence of measles immunity.

Although the titer of vaccine-induced antibodies is lower 
than that following natural disease, both serologic and epi-
demiologic evidence indicate that vaccine-induced immunity 
appears to be long-term and probably lifelong in most persons. 
Most vaccinated persons who appear to lose antibody show 
an anamnestic immune response upon revaccination, indicating 
that they are probably still immune. Although revaccination
can increase antibody titer in some persons, available data 
indicate that the increased titer may not be sustained. Some 
studies indicate that secondary vaccine failure (waning
immunity) may occur after successful vaccination, but this 
appears to occur rarely and to play only a minor role in 
measles transmission and outbreaks.
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when they enter school should be admitted after receipt of 
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Serologic screening need not be done before vaccinating for 
measles and rubella unless the medical facility considers it 
cost-effective. Serologic testing is appropriate only if tracking 
systems are used to ensure that tested persons who are 
identified as susceptible are subsequently vaccinated in a 
timely manner. Serologic testing for immunity to measles 
and rubella is not necessary for persons documented to be 
appropriately vaccinated or who have other acceptable 
evidence of immunity. If the return and timely vaccination 
of those screened cannot be assured, serologic testing before 
vaccination should not be done.

Persons who travel outside the United States are at 
increased risk of exposure to measles. Measles is endemic 
or epidemic in many countries throughout the world. 
Although proof of immunization is not required for entry 
into the United States or any other country, persons traveling 
or living abroad should have evidence of measles immunity. 
Adequate vaccination of persons who travel outside the 
United States is two doses of MMR.

Revaccination

Revaccination is recommended for certain persons. The 
following groups should be considered unvaccinated and 
should receive at least one dose of measles vaccine: persons 
1) vaccinated before the first birthday, 2) vaccinated with 
killed measles vaccine (KMV), 3) vaccinated with KMV 
followed by live vaccine less than 4 months after the last 
dose of KMV, 4) vaccinated before 1968 with an unknown 
type of vaccine (the vaccine may have been KMV), or 5) 
vaccinated with IG in addition to a further attenuated strain 
or vaccine of unknown type. (Revaccination is not necessary 
if IG was given with Edmonston B vaccine.)

Postexposure Prophylaxis

Live measles vaccine provides permanent protection and 
may prevent disease if given within 72 hours of exposure. 
Immune globulin (IG) may prevent or modify disease and 
provide temporary protection if given within 6 days of 
exposure. The dose is 0.25 mL/kg body weight, with a 
maximum of 15 mL intramuscularly. The recommended 
dose of IG for immunocompromised persons is 0.5mL/kg of 
body weight (maximum 15 mL) intramuscularly. IG may 
be especially indicated for susceptible household contacts 
of measles patients, particularly contacts younger than 1 
year of age (for whom the risk of complications is highest). 
If the child is 12 months of age or older, live measles vac-
cine should be given about 5 months later when the passive 
measles antibodies have waned. IG should not be used to 
control measles outbreaks.
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Adverse Reactions Following 

Vaccination

Adverse reactions following measles vaccine (except allergic 
reactions) represent replication of measles vaccine virus 
with subsequent mild illness. These events occur 5–12 days 
postvaccination and only in persons who are susceptible to 
infection. There is no evidence of increased risk of adverse 
reactions following MMR vaccination in persons who are 
already immune to the diseases. 

Fever is the most common adverse reaction following MMR 
vaccination. Although measles, rubella, and mumps vaccines 
may cause fever after vaccination, the measles component 
of MMR vaccine is most often associated with this adverse 
reaction. After MMR vaccination, 5%–15% of susceptible 
persons develop a temperature of 103

o
F (39.4emperature of 103ated with this advreacacacemperature of 103at(Fever onent75W(Ceacor higcti)5ure(,ollowiMMR )Tj
10.67 0 0 11 69.8063 560.usu(exye evenrn fo7 occur 5–e fever after vacrubelgenp aexyallergic)Tj
11 26.282 69.8063 5602271 Tm
0 Tw
( 3078
-23.849 -1.1182 TD
0.lastn fo1–ccur 5. Mine tion in pciaty causeempenatrwiis adverse2271 Tasymptomr vc.seases. )Tj
0 -2.1182 TD
0.m
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rubella disease. However, deferring a subsequent dose of 
MMR vaccine may be prudent if the previous episode of 
thrombocytopenia occurred within 6 weeks after the previous 
dose of the vaccine. Serologic evidence of measles immunity 
in such persons may be sought in lieu of MMR vaccination.

Tuberculin skin testing (TST) is not a prerequisite for vacci-
nation with MMR or other measles-containing vaccine. TST 
has no effect on the response to MMR vaccination. 
However, measles vaccine (and possibly mumps, rubella, and 
varicella vaccines) may transiently suppress the response to 
TST in a person infected with Mycobacterium tuberculosis.
If tuberculin skin testing is needed at the same time as 
administration of measles-containing vaccine, TST and vaccine
can be administered at the same visit. Simultaneously 
administering TST and measles-containing vaccine does not 
interfere with reading the TST result at 48–72 hours and 
ensures that the person has received measles vaccine. If the 
measles-containing vaccine has been administered recently, 
TST screening should be delayed at least 4 weeks after 
vaccination. A delay in administering TST will remove the 
concern of any theoretical suppression of TST reactivity 
from the vaccine. TST screening can be performed and 
read before administering the measles-containing vaccine. 
This option is the least favored because it will delay receipt 
of the vaccine.

Vaccine Storage and Handling

Measles vaccine and MMR must be shipped with refriger-
ant




