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(See the editorial commentary by Katz, on pages 1679–80.)
Background. The most severe sequela of measles virus infection is subacute sclerosing panencephalitis (SSPE),

a fatal disease of the central nervous system that generally develops 7–10 years after infection. From 1989 through
1991, a resurgence of measles occurred in the United States, with 55,622 cases of measles reported. The purpose
of the present study was to identify cases of SSPE that were associated with the resurgence of measles and to
calculate the risk of developing SSPE.

Methods. Brain tissue samples obtained from 11 patients with a presumptive diagnosis of SSPE were tested
for the presence of measles virus RNA. Measles virus genotypes were determined by reverse-transcriptionpolymerase
chain reaction (RT-PCR) and by analysis of the sequences of the PCR products. A search of the literature was
conducted to identify reports of cases of SSPE in persons residing in the United States who had measles during
1989–1991.

Results. The measles virus sequences derived from brain tissue samples obtained from 11 patients with SSPE
confirmed the diagnosis of SSPE. For 5 of the 11 patients with SSPE who had samples tested by RT-PCR and for
7 patients with SSPE who were identified in published case reports, it was determined that the development of
SSPE was associated with the measles resurgence that occurred in the United States during 1989–1991. The estimated
risk of developing SSPE was 10-fold higher than the previous estimate reported for the United States in 1982.

Conclusions. Vaccination against measles prevents more cases of SSPE than was originally estimated.

Subacute sclerosing panencephalitis (SSPE) is a pro-

gressive fatal disease of the central nervous system that

is caused by a persistent measles virus infection. Early

clinical characteristics of SSPE may be variable, but they

often include behavioral changes, cognitive deteriora-

tion, sporadic episodes of falling, and such optic dis-

turbances as chorioretinitis [1, 2]. As the disease ad-

vances, neurologic symptoms, such as myoclonic jerks
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or spasms, become more pronounced, and the patient

develops severe physical and mental impairment. SSPE

has an average period of latency of 7–10 years (range,

1 month to 27 years) after measles virus infection, and

death generally occurs ∼1–3 years after the onset of

symptoms. There are known risk factors for SSPE, such

as the development of measles virus infection at an early

age (i.e., before 2 years of age), and most studies have

noted that a greater proportion of cases of SSPE occur

among males. The reason why measles virus persists in

some individuals and results in deadly consequences is

unknown, but it is likely to be host related [3].

Although measles is a monotypic virus, 22 genotypes

of wild-type virus are recognized; many genotypes have

been associated with endemic circulation of measles

virus in certain geographic regions or have been doc-

umented in connection with an outbreak or epidem-

ic in an area [4, 5]. The measles vaccine virus strains

belong to genotype A and can be distinguished from



SSPE Prevented by Measles Immunization • JID 2005:192 (15 November) • 1687

wild-type virus of the same genotype by means of sequence

analysis [6–8]. Analyses of measles virus sequences in brain

tissue samples obtained from patients with SSPE have identified

only wild-type measles virus, and the virus genotypes identified

have been consistent with the genotype of measles virus that

circulated in the area where the patients lived and to which

the patients had been exposed �10 years before the onset of

symptoms of SSPE [6, 9–13]. Genetic studies have supported

epidemiologic evidence that measles vaccine virus does not

cause SSPE [6, 14, 15]. In cases of SSPE that developed in

children or adults who had no history of measles but who did

have a history of vaccination against measles virus, analysis of

measles virus sequences derived from the patients confirmed

the presence of the wild-type genome, indicating that the in-

dividuals had an undiagnosed measles virus infection [6, 7, 9].

In the United States, it was estimated that the average risk

of developing SSPE was 8.5 cases of SSPE/1 million cases of

measles that occurred during 1960–1974, under the assumption

that only 1 in 10 cases of measles was reported [16, 17]. By

the late 1980s, the number of reported cases of SSPE had de-

creased to 1–2 cases/year (from a high of 40–50 reported cases/

year in the 1970s), on the basis of the number of cases reported

to a registry of SSPE cases that was established in 1969 [18,

19]. The observed decrease in the number of SSPE cases in the

late 1980s occurred after a period during which the incidence

of measles was low (1981–1988), with an average total number

of 3000 cases of measles reported annually [20].

Decreasing rates of vaccination in the United States, partic-

ularly among preschool-aged children (children !5 years of age)

living in inner-city areas, resulted in a resurgence in the number

of cases of measles reported during 1989–1991; during this

period, 55,622 cases of measles and 123 measles-associated

deaths were reported [21]. The virus genotype associated with

measles cases investigated during the period of measles resur-

gence was genotype D3 [22]. In response to the measles epi-

demic that occurred in the United States, additional measures

were implemented to eliminate the transmission of measles,

including the adoption of a 2-dose schedule of measles vaccine

administration. As a result, only 312 cases of measles were

reported, and measles virus of genotype D3 has not been iso-

lated from individuals whose infection was classified as an in-

digenous measles case in the United States since March 1992

[22, 23]. In 2000, a panel of experts examined measles sur-

veillance data and concluded that elimination of endemic mea-

sles in the United States had been achieved [24].

In the present study, we analyzed measles virus sequences

that were identified in brain biopsy specimens or in material

obtained at autopsy from patients with SSPE and that were

then submitted to the Centers for Disease Control and Pre-

vention (CDC) from 1992 through 2003. Although most of the

specimens were submitted to the CDC because the patients

lacked a history of measles but had a positive history of vac-

cination, we identified only wild-type measles virus in the pa-

tients’ specimens. We calculated the risk of developing SSPE

due to measles acquired during the period of measles resur-

gence in the United States, by use of data for the patient subset

that included patients with SSPE from our genetic study who

were determined to have had measles during 1989–1991 and

patients with SSPE who were identified in case reports as hav-

ing had probable cases of measles in the United States during

1989–1991. The risk of SSPE estimated in this study suggests

that prevention of measles cases through vaccination may pre-

vent more cases of SSPE than was previously recognized.

PATIENTS, MATERIALS, AND METHODS

Patients with SSPE. Eleven patients with either a confirmed

or a presumptive diagnosis of SSPE were referred to the CDC,

and brain tissue specimens obtained from these patients were

submitted for detection of measles virus RNA and for analysis

of measles virus sequences. Diagnosis of SSPE was based on

the presence of clinical characteristics consistent with SSPE and

was confirmed by either the referring institution or the CDC

when �2 of the following laboratory criteria were present: (1)

an electroencephalographic pattern characteristic of SSPE, (2)

the presence of typical histopathologic changes in neurologic

tissues derived at autopsy or from brain biopsy specimens (in

particular, intranuclear and cytoplasmic inclusion bodies in

neurons and glial cells), (3) detection of elevated levels of mea-

sles antibody in cerebrospinal fluid, and (4) identification of

measles virus RNA or antigen in brain tissues by means of

reverse-transcription polymerase chain reaction (RT-PCR) or

immunohistochemical analysis [25].

Additional patients in the United States who had SSPE and

who had probable acute infection during 1989–1991 were iden-

tified through a search of the literature for case reports of SSPE

in the United States. Data from case reports that provided

patient information that was adequate to assess whether the

patient had measles or rash during 1989–1991 in the United

States were included in the results. The authors of 3 of the case

reports were contacted for additional information that would

allow for confirmation of a patient’s location or date of birth.

All of the case reports included information on the supporting

laboratory and clinical criteria used in the diagnosis of SSPE.

Detection and analysis of measles virus genome from brain

specimens. Specimens that underwent RT-PCR and sequenc-

ing included fresh-frozen, paraffin-embedded, or formalin-fixed

brain tissue specimens that had been obtained after death or

during biopsy. RNA was extracted from paraffin-embedded tis-

sue samples according to the procedure described by Koopmans

et al. [26]. RNA was extracted from fresh-frozen or formalin-

fixed brain tissue by use of the guanidinium-acid phenol meth-
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Table 1. Patients with subacute sclerosing panencephalitis (SSPE) who were referred to the Centers for
Disease Control and Prevention (CDC) and whose SSPE cases were associated with measles virus infection
acquired in the United States during 1989–1991.

Patient

Yeara of referral
to the CDC

(patient age at
referral, years)

Patient’s year
of birth, sex

History
of measles

or rash
Patient

locationb
History

of vaccinationc

Genotype
of measles

virus identified

1 1996 (5) 1991, F NR Georgia Yes D3
2 1998 (9) 1989, M NR Texas Yes D3
3 1998 (7) 1991, F NR Texas Yes D3
4 2001 (11) 1990, F NR Florida Yes D3
5 2002 (12) 1990, M Rashd California Yes D3

NOTE. NR, not reported.
a The year of onset of SSPE was not available for all patients and may not be the same as the year of referral given here.
b Location where patient resided during childhood or state of residence at the time of referral.
c Patient age at vaccination was known only for patient 4. Patient 4 was vaccinated at 1 and 5 years of age.
d Patient 5 developed rash at 8 months of age.

od [27] with minor modifications. By use of a sterile scalpel,

the tissue samples were cut into slices that measured ∼3 � 3

� 3 mm, and they were immediately placed into 500 mL of

guanidinium isothiocyanate buffer and were minced with a ster-

ile scalpel or a 22-gauge needle. Insoluble material was removed

by centrifugation at 1500 g for 15 min at 4�C. The supernatant

was then acidified and extracted using phenol-chloroform [27].

The RNA pellet was resuspended in 30 mL of RNase-free wa-

ter, and the RNA concentration was determined by ultraviolet

spectroscopy.

RT-PCR and sequence analysis. To prepare templates for

sequencing, RT-PCR was performed using the Superscript One

Step RT-PCR kit (Gibco BRL), as described elsewhere [28]. Prim-

ers were designed to amplify the 450 nucleotides coding for

the COOH-terminal 150 amino acids of the nucleoprotein [8].

PCR products were purified using the PCR Preps DNA Puri-

fication System (Promega) and were analyzed by agarose gel

electrophoresis followed by ethidium bromide staining. Tem-

plates were sequenced using a cycle sequencing reaction with

fluorescent dye terminators (Applied Biosystems Division, Per-

kin-Elmer), and the reaction products were analyzed using an

ABI 3100 automatic sequencer (Applied Biosystems Division,

Perkin-Elmer). Sequence data from multiple reactions were an-

alyzed using the Genetics Computer Group Package (version

10.1; Accelrys) [29].

The PCR primers used in the RT-PCR are known to amplify

all genotypes of measles virus, including the vaccine virus strains

[4, 8]. Genotypes were assigned using phylogenetic analysis using

parsimony [30], to compare the sequences derived from the brain

specimens with reference sequences that represent the 22 geno-

types of measles virus as designated by the World Health Or-

ganization [4].

RESULTS

Measles virus RNA was detected in brain tissue samples ob-

tained from 11 patients with SSPE who were referred to the

CDC during 1992–2003, and virus genotypes were assigned af-

ter sequence analysis of the PCR products was performed (ta-

bles 1 and 2). Measles virus antigen was detected in 2 of the

brain tissue specimens by use of immunohistochemical analysis

(data not shown). The age range of the patients was 5–36 years

(mean age, 14 years). Genotype E was identified in samples

obtained from the 2 patients who were 120 years of age at the

time of referral (table 2, patients 7 and 11). Genotype D5 was

identified in a sample obtained from a child who had resided

in Okinawa City, Japan, during infancy (table 2, patient 8).

Genotype C1 was identified in a sample obtained from a child

(table 2, patient 6) who had a history of acute measles in 1977.

All of the patients listed in table 1, as well as 2 of the patients

listed in table 2 (patients 9 and 10), were found to have been

infected with measles virus of genotype D3.

The SSPE cases of the patients listed in table 1 were associated

with measles virus infection that occurred during the 1989–

1991 measles epidemic, because all of these patients with SSPE

were born and resided in the United States during 1989–1991

and because the brain tissue samples obtained from these pa-

tients yielded virus sequences that corresponded to the wild-

type measles virus genotype associated with the outbreak (i.e.,

genotype D3), thus confirming that the patients developed

SSPE as a result of an undiagnosed infection with measles virus

that occurred during the epidemic. Without the genotype in-

formation, the SSPE cases of the patients who did not have a

history of measles virus infection could not have been associ-

ated with the measles resurgence that occurred during 1989–
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Table 2. Patients with subacute sclerosing panencephalitis who were referred to the Centers for Disease Control and Prevention
(CDC) and who had measles virus of the wild-type genotype identified in brain tissue samples, although the genotype or patient
location ruled out an association with measles acquired in the United States during 1989–1991.

Patient

Yeara of referral
to the CDC

(patient age at
referral, years)

Patient’s year
of birth, sex

History of measles or rash,
year of occurrence

(patient age)
Patient

locationb

History of vaccination
(patient age at

vaccination, if known)

Genotype
of measles

virus identified

6 1992 (16) 1976, M Measles, 1977 (12 months) Wisconsin No C1
7 1993 (28) 1965, M Measles, 1968 (3 years) Wisconsin Yes (12 years) E
8 1995 (5) 1990, M Rash, 1991 (15 months) Ohioc Yes (17 months) D5
9 1999 (8) 1990, M Measles, 1991 (7 months) Puerto Rico No D3
10 2001 (16) 1985, M NR Nicaraguad Yes (15 years) D3
11 2003 (36) 1967, M NR Illinois Yes E

NOTE. NR, not reported.
a The year of onset of symptoms of subacute sclerosing panencephalitis was not available for all patients and may not be the same as the year of referral

given here.
b Location where patient resided during childhood or state of residence at the time of referral.
c Patient 8 lived in Okinawa City, Japan, from 5 months of age until ∼2 years of age.
d Patient 10 lived in Florida after 15 years of age.

1991, because the possibility of SSPE developing as a result of

receipt of the measles vaccine could not have been ruled out.

Seven additional patients in the United States who had SSPE

and a history of measles or rash during 1989–1991 were iden-

tified from case reports [31–36] (table 3). All of these patients

with SSPE were born during or just before the 3-year period

of the resurgence of measles. The patients had a history of

measles or rash during that period and lived in California,

Pennsylvania, or New York—states that were known to have

large numbers of measles cases. In addition, 1 of the case reports

(that of Baram et al. [34]) included measles virus sequence

data, but the virus genotype had not been identified. We an-

alyzed the published sequence and identified the genotype as

D3 (data not shown).

The risk of developing SSPE as a result of measles virus

infection that occurred during 1989–1991 can be calculated by

using as the denominator the 55,622 measles cases reported

during the 3-year period of measles resurgence. The 12 cases

of SSPE in the patients identified in the present study (tables

1 and 3) that developed from measles acquired during 1989–

1991 were used as the numerator. Therefore, the estimated risk

of SSPE was 12 cases of SSPE/55,622 reported cases of measles,

or 22 cases of SSPE/100,000 reported cases of measles.

DISCUSSION

The measles virus genotypes detected in brain tissue specimens

obtained from patients with SSPE in the present study repre-

sented wild-type viruses (tables 1 and 2). Therefore, the patients

with SSPE who did not have a history of measles either had a

subclinical measles virus infection or an undiagnosed case of

measles. For example, 1 patient (table 2, patient 8), who, during

infancy, had resided in Okinawa City, had a history of measles

vaccination at 17 months of age but had no record of having

had measles. However, the medical history of this patient in-

cluded a febrile illness with rash that occurred at 15 months

of age and that was described as “roseola”; the occurrence of

this rash coincided with the time that the patient spent in Japan

and is consistent with the identification of virus of genotype

D5, which is known to have been circulating in Japan in the

early 1990s [37]. Our data support previous epidemiologic and

genetic studies that found no evidence that measles vaccine

virus can cause SSPE [6, 9, 14, 15].

The genotypes of measles virus identified in brain tissue

samples obtained from the patients with SSPE who were aged

16, 28, and 36 years at the time of referral (table 2; patients 6,

7, and 11, respectively) provide information about the circu-

lation of measles viruses in the United States during the 1960s

and 1970s, when few viruses were being isolated and charac-

terized. The results suggest that genotype C1 circulated in the

late 1970s (patient 6) and that genotype E was present in the

late 1960s or 1970s (patients 7 and 11). Genotype E, which

was first detected in Germany in 1971, has not been found

since 1987, and this lineage of measles virus is considered to

be inactive [4, 38, 39].

Identification of 12 cases of SSPE associated with measles

virus infection that occurred during 1989–1991 (tables 1 and

3) suggests that the risk of SSPE determined using data available

in 1982—that is, 8.5 cases of SSPE/1 million cases of measles—

may have underestimated the true risk of SSPE. The resurgence

of measles in 1989 was preceded by several years during which

the incidence of measles was low, and the years after the re-
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Table 3. Additional patients with subacute sclerosing panencephalitis who had a history of measles or rash
during 1989–1991 in the United States, as identified from case reports.

Reference,
patient

Patient age
at diagnosis Sex

History of measles or rash,
year of occurrence (patient age) Patient location

History of vaccination
(patient age at

vaccination, if known)

[31] 4.5 years M Measles, 1991 (8 months) Philadelphia, PA Yes (15 months)
[32] 9 years F Measles, 1989 (1 year) California Yes (1 year and 5 years)
[33]

2 10 years M Rash, 1989/1990 (3 months) California NR
5 13 years F Rash, 1989/1990 (11 months) California NR

[34] 22 months F Rash,a 1990 (5 weeks) California Yes (18 months)
[35] 5.5 years M Measles, 1991 (3 years) Brooklyn, NY Yes (1 year)
[36] 4 years F Measles, 1990 (3 months) Bronx, NY Yes (15 months)

NOTE. NR, not reported.
a The measles virus sequence reported in a study by Baram et al. [34] was determined to be measles virus of genotype D3.

surgence were remarkable for the record low numbers of mea-

sles cases reported. This unique epidemiologic situation, to-

gether with the ongoing surveillance for cases of measles and

the determination of the genotype involved in the epidemic

(genotype D3), was critical in the calculation of a revised es-

timate of the risk of SSPE [23, 40, 41]. The higher estimated

risk of SSPE reported in the present study, compared with the

previously estimated risk, could be the result of the different

methods used to identify SSPE cases, the underreporting of

measles cases during 1989–1991, the higher incidence of mea-

sles during the period of resurgence of measles in the popu-

lation at greatest risk for SSPE (i.e., children !5 years age), or

the observation that viruses of genotype D3 are more likely to

cause SSPE. Each of these reasons is discussed below.

In the present study, sources of SSPE cases were limited to

patients with SSPE who were referred to the CDC or to case

reports of SSPE that could be associated with measles virus

infection that occurred during 1989–1991. Both sources of data

existed because of a diagnostic dilemma (e.g., no history of

measles), an unusual presentation of SSPE, or a report of a

novel use of diagnostic tools in association with a case of SSPE.

The true number of SSPE cases that developed after the re-

surgence of measles in 1989–1991 is likely to be greater than

the 12 cases used in the calculation of our estimate of the risk

of SSPE. Data collected from epidemiologic surveys of SSPE in

several countries, including the United States [15, 17, 42–45],

indicated that the majority (72%–84%) of patients with SSPE

had a history of measles. Only 4 (33%) of the 12 patients with

SSPE who are listed in tables 1 and 3 and whose cases of SSPE

were associated with infection that occurred during the period

of measles resurgence had a history of measles.

In addition, examination of reports of cases of SSPE provided

to the USA/International SSPE Registry (P.R.D., unpublished

data) revealed as many as 10 additional SSPE cases that were

temporally associated with measles virus infection that occurred

during 1989–1991, after exclusion of patients with SSPE whose

case report data suggested a possible duplication of the data

for a patient identified in the present study. The cases of SSPE

reported to the USA/International SSPE Registry were not in-

cluded in our risk estimate because of uncertainty about the

location of the patients at the time that the acute infection

developed. During the years of measles resurgence in the Unit-

ed States, there was a concurrent outbreak of measles through-

out the Western Hemisphere, including Mexico. Because of the

scrutiny of the medical history and demographic characteristics

of the patients with SSPE referred to the CDC and of the pa-

tients included in the published case reports, sufficient infor-

mation could be obtained to reliably conclude that the patients

had developed SSPE as a result of exposure to measles in the

United States during 1989–1991.

There are few studies available to assess the completeness of

reporting of measles cases during 1989–1991, and those studies

evaluate the efficiency, or completeness, of reporting probable

cases of measles to local health departments [46]. Measles is a

notifiable disease, and all states require physicians to report sus-

pected cases of measles. In a hospital-based study conducted in

Los Angeles in 1989, 51% of physician-diagnosed cases of measles

were reported to the local or state health department [47]. How-

ever, identification of probable cases of measles is based on clin-

ical suspicion of measles, as identified by a search of hospital

discharge records or of patient records in private practices, and

such cases are generally not laboratory confirmed, particularly

during an epidemic. A community-based study conducted in Los

Angeles to evaluate cases of measles reported during 1990–1991

found that 29% of probable cases of measles among children, as

recalled by parents, were reported [48].

To reflect the underreporting of measles cases during 1989–

1991, the risk of SSPE can be adjusted using an estimated range
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of reporting efficiency based on the studies cited above. If 30%–

50% of measles cases were reported, the revised risk of SSPE

would then be 6.5–11 cases of SSPE/100,000 cases of measles,

which is 7–13 times higher than the estimated risk of SSPE

associated with measles cases that occurred in the United States

during 1960–1974. The higher risk estimated in the present

study is comparable to the risk estimated in Miller and col-

leagues’ report [49] of the risk of SSPE among children in

England in Wales who, before 2 years of age, were infected with

measles virus during 1960–1989 (6.8�18 cases of SSPE/100,000

cases of measles).

In contrast, the number of measles cases used as the de-

nominator in the calculation of the estimated risk of SSPE in

the United States in 1982 may have resulted in overestimation

of the number of measles cases that occurred during 1960–

1974. It was inferred that only 1 of every 10 cases of measles

was reported before vaccine licensure in 1963, because no more

than 400,000–500,000 cases were reported per year, and the

actual number of cases that occurred annually was expected to

correspond to the size of the birth cohort (∼4 million) [16,

50]. However, in the calculation of the risk estimate, a 10%

rate of reporting efficiency was applied to the annual number

of reported cases for each year from 1960 through 1974, a

period during which the rate of reporting efficiency had likely

improved because of both the decreasing incidence of measles

and the announcement of the first goal of measles elimination

in 1967 [16, 22, 50]. No adjustment was made to the number

of cases of SSPE, to correct for possible underreporting of the

number of SSPE cases to the National Registry for SSPE [16].

There were no studies to ascertain the completeness of the

reporting of SSPE cases to the National Registry for SSPE, which

was used to determine the number of SSPE cases for the cal-

culation of the SSPE risk estimate in 1982 [14, 16]. The SSPE

Registry was established in 1969 and was maintained at the

University of Tennessee (Memphis) until 1980 [18, 19], al-

though it was never considered to be complete. SSPE cases were

reported to the National Registry for SSPE primarily by mem-

bers of the Child Neurology Society, and additional data were

collected via questionnaires or surveys directed to pediatric

neurologists [17, 18, 51]. In addition to having been under-

reported, many cases of SSPE likely were undiagnosed, because

relatively little was known about the various clinical presen-

tations of SSPE [19]. Diagnosis depended on a high index of

suspicion, as well as patient access to either specialized neu-

rologists or a physician familiar with the rare disease SSPE. The

numerous case reports and reviews of SSPE underscore the

complexity of the clinical aspects of the disease and the chal-

lenges associated with the recognition and diagnosis of SSPE,

particularly adult-onset SSPE and SSPE that follows a fulmi-

nating course [1, 2, 19, 52, 53].

The risk of SSPE calculated in the present study may be

higher than the risk estimated for the period 1960–1974, in

part because of the large number of cases of measles that oc-

curred in young children during the 1989–1991 epidemic. It

was noted that, in 1989 and 1990, the proportion of cases

among children !5 years of age exceeded the proportion among

school-aged children (children 5–19 years of age) for the first

time since such detailed information became available in 1973

[54]. In 1990, the highest incidence rates were among children

!1 year of age (119.3 cases of measles/100,000 children) and

among children 1–4 years of age (58.3 cases of measles/100,000

children). Because the age-specific incidence of measles was not

available for the period 1960–1974, we cannot evaluate the

influence of the high incidence of measles in young children

during 1989–1991 on the risk estimate presented in this report.

However, in this study, US-born patients with SSPE who had

genotype D3 virus sequences identified in brain tissue samples

(table 1) were all born during the years of the measles resur-

gence and presumably were infected during their first 2 years

of life.

There is no evidence to suggest that infection with measles

virus of the D3 genotype would increase the risk of subsequent

development of SSPE. Genotype assignments are based on se-

quence variation in wild-type viruses, but there are no known

biological differences between the genotypes. Many of the rec-

ognized genotypes have been detected in brain tissue samples

obtained from patients with SSPE; the genotype detected has

been consistent with the genotype that was circulating when

the patient experienced the acute infection [9–13]. For example,

in 2003, measles virus of genotype D6 was identified in 8 Ar-

gentine children with SSPE, all of whom, during infancy, de-

veloped measles during an outbreak caused by virus of genotype

D6 in 1998 [13].

The data in this study suggest a risk of developing SSPE that

is ∼10 times higher than the risk of developing SSPE estimated

in 1982. The risk calculated using the number of cases of mea-

sles reported during 1989–1991 may better reflect the true risk

of SSPE and may explain the high incidence of SSPE reported

in such countries as India, Turkey, and Papua New Guinea [43,

44, 55], where the incidence of measles in very young children

is high. The increased risk of developing SSPE after measles

virus infection in young children underscores the importance

of childhood immunization programs that decrease measles

virus transmission and, therefore, reduce the risk of exposure

to measles among infants. The success of global programs to

eliminate measles will not only prevent the severe complications

and death associated with acute cases of measles but will also

prevent the devastating disease SSPE.
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