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Background. Endemic measles was declared eliminated in the United States in 2000, but imported measles
cases continue to cause outbreaks. On June 20, 2011, 5 epidemiologically linked measles cases were reported
to the Indiana State Department of Health. We investigated to identify additional cases and to prevent
further spread.
Methods. Case findings and contact investigations during the June 3, 2011–August 13, 2011 outbreak
identified measles cases, exposed persons, and exposure settings. Laboratory confirmation included measles
serology and reverse-transcription polymerase chain reaction. Control measures included evaluating measles
immune status and providing post-exposure prophylaxis, isolation, and quarantine.
Results. Fourteen confirmed measles illnesses were identified (10 [71%] females; median age, 11.5 years
[range, 15 months–27 years]). The source patient was an unvaccinated US resident who recently traveled
from Indonesia. Twelve patients were unvaccinated members of the source patient’s extended family. Two
hospitalizations and no deaths were reported. Among 868 exposed persons identified through contact
investigation, 644 (74%) had documented measles immunity, 153 (18%) were lost to follow-up, and 71
(8%) lacked evidence of immunity.
Conclusions. Misdiagnosis of measles in an unvaccinated patient with recent travel history to a measles-
endemic region resulted in the second largest measles outbreak in the United States during 2011. Clinicians
should consider measles among patients presenting with febrile rash illness and history of recent travel, and
clinicians should promptly report suspected illnesses. Early identification of infectious patients, rapid public
health investigation, and maintenance of high vaccine coverage are critical for the prevention and control of
measles outbreaks.
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Measles is a highly contagious viral illness with secondary
attack rates of >90% among susceptible contacts [1].
Approximately 30% of reported measles cases are
complicated by diarrhea, otitis media, pneumonia (most
common cause of death), or acute encephalitis; subacute
sclerosing panencephalitis is a fatal but rare long-term
sequela [2, 3]. Before vaccine was introduced, measles
caused a reported 500 deaths annually [1]. The measles
component of the measles-mumps-rubella (MMR)
vaccine has a vaccine effectiveness of >90% after 1 dose
and >95% after 2 doses [4]; however, high vaccine

coverage in the population is also necessary to prevent
spread of measles. The public underestimates vaccine-
preventable disease as a cause of morbidity and mortality
when incidence of disease is low for a prolonged period [5],
and common reasons for parents not vaccinating their chil-
dren are fears of adverse events and the perception that their
children are safe because of high vaccination rates in the
community [6].

During 2000, endemic measles was declared eliminated
in the United States, resulting from high rates of 2-dose
MMR vaccination coverage [7]. However, measles
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continues to be endemic in certain regions worldwide. The
disease has re-emerged in Europe, with a 4-fold increase
in cases during 2010 and 2011 compared with 2008
and 2009 [8] and an increased number of outbreaks
during 2011 [9]. Multiple widespread measles outbreaks
were reported in Africa during 2009–2010 [10], and
cases continue to remain common in Africa and Asia.
Measles outbreaks in the United States have been primarily
due to infections in US residents who have traveled
to measles-endemic regions and in US populations with
low vaccination rates [11, 12]. More cases were identified
in the United States during 2011 than any year since
1996 [13].

On June 20, 2011, a total of 5 epidemiologically
linked measles cases were reported to a local health
officer in rural Indiana by an emergency physician. The
source patient, identified through the subsequent contact
investigation, had traveled to Indonesia while unvaccinat-
ed. This report describes the epidemiologic characteristics
of the outbreak and containment measures used to stop
measles transmission in the surrounding community.

METHODS

Case Definitions
Confirmed, probable, and suspect cases were defined by
using the Council of State and Territorial Epidemiologists
case definition [14]. Persons suspected of having measles
disease during the June 3, 2011–August 13, 2011 out-
break period were interviewed to determine exposure and
immunization status. This was a public health investiga-
tion to control a disease outbreak and therefore did not
require approval by an institutional review board.

Persons with measles-like illness who were not epidemi-
ologically linked to confirmed cases had blood samples
drawn for immunoglobulin (Ig)M- and IgG-capture
enzyme immunoassay (Microimmune, Middlesex, United
Kingdom) [15]. Those reported within 3 days of rash
onset had nasopharyngeal swabs collected for isolation of
measles virus in cell culture (rhesus monkey kidney cells)
and detection of measles RNA by reverse-transcription
polymerase chain reaction (RT-PCR) at the Indiana State
Department of Health (ISDH) laboratory. Nucleic acid
was extracted, amplified, and sequenced to determine
measles virus genotype at the Centers for Disease Control
and Prevention (CDC) measles laboratory for 2 specimens
[16, 17]. The infectious period for each confirmed and
probable patient was defined as 4 days before to 4 days
after rash onset. Measles incubation period was consid-
ered as 7–21 days [18].

Case and Contact Investigation
Patients were interviewed to identify additional cases and
exposure settings. Persons were considered exposed if
they were in the same exposure setting at the same time
and up to 2 hours after an infectious patient left the
setting. In situations in which it was difficult to ascertain
where the infectious person was at a given time, anyone
with an opportunity to be in the same setting as the
infectious patient was considered exposed. Exposed
persons identified within 21 days of exposure were as-
sessed for presumptive evidence of immunity to measles,
according to the Advisory Committee for Immunization
Practices (ACIP) recommendations (ie, documented
MMR vaccination, birth before 1957, physician docu-
mentation confirming childhood disease, or documented
measles IgG antibody titers) [19]. Exposed persons iden-
tified >21 days after the initial exposure self-reporting
either measles disease or vaccination as a child were con-
sidered low risk for developing disease, and there were
no additional efforts to follow-up on disease or vaccina-
tion documentation due to limited resources. However,
instructions were given to contact their healthcare provid-
er if they developed measles-like symptoms.

All exposed persons who were contacted were asked
about clinical symptoms, and vaccination status was con-
firmed through healthcare provider documentation or
by checking the Children and Hoosiers Immunization
Registry Program (CHIRP), the state’s electronic vaccina-
tion registry. If documentation of presumptive immunity
was unavailable, the local health department attempted to
collect blood samples for serologic testing at the ISDH
laboratory. Those who reported cough or other symptoms
of upper respiratory tract infection but had no documen-
tation of 2 doses of measles vaccine were voluntarily quar-
antined until symptoms resolved without developing a
rash. They were instructed to call and notify their physi-
cian’s office of their exposure to measles before seeking
healthcare to avoid additional exposures. Testing for
measles immunity was offered if no vaccine documenta-
tion was available. Those with positive titers returned to
their usual activities. Information about resources used
during the investigation was gathered retrospectively from
state public health personnel. Information on the direct
costs of medical care for the patients, cost incurred by the
local health department, or costs incurred by medical
facilities were not collected.

Containment Measures

Active surveillance included case-finding among exposed
persons and the Public Health Emergency Surveillance
System (PHESS), which logs chief complaint data from
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112 of 124 total emergency departments (EDs) in
Indiana. Chief complaint data were analyzed for the key-
words rash and fever or measles. After initial review of
PHESS activity, the geographic spread was determined to
be limited and monitoring was restricted to 8 counties
(representing 12 of 14 total EDs in those counties).
Community members were informed of potential exposure
through local media releases, and providers were notified
through the Indiana Health Alert Network (IHAN), the
ISDH healthcare provider e-mail distribution system.

Community Exposures

Community exposures included workplace and social set-
tings, and the health department attempted to contact
all exposed persons. Household and close contacts of
measles-infected patients without presumptive immunity
were offered MMR vaccine �72 hours after exposure
and immune globulin if identified �6 days and at in-
creased risk for complications from illness, following
ACIP guidelines [19]. Unvaccinated persons were volun-
tarily quarantined at home until 21 days after their most
recent exposure. Voluntary quarantine was not verified if
the person agreed to self-quarantine because of resource
limitations. A mandatory quarantine was imposed if vol-
untary quarantine was refused. Exposed persons unsure
of their vaccination status were offered 2 doses of MMR
vaccine separated by a 28-day interval.
Employees at a factory with an open floor plan were

exposed. The factory had common employee areas, in-
cluding a single break room. Vaccination and testing
clinics were set up with the help of the factory occupa-
tional health provider, surrounding local health depart-
ments, and ISDH field staff. If factory workers could not
provide evidence of measles immunity, sera were drawn
for measles IgG antibody titers, and they received needed
MMR doses. Recommendations were made to exclude
workers who had upper respiratory symptoms unless
they could provide documentation of presumptive
measles immunity.

Airline Passenger Exposures

Because the source patient had traveled on 2 commercial
flights while infectious, the airlines released the passenger
manifests to CDC’s Division of Global Migration and
Quarantine, including assigned seat number, and limited
demographic and contact information for all passengers
seated in the same row as, 2 rows in front of, and 2 rows
behind the source patient and any babies (aged <2 years)
in the arms of adults seated anywhere on the aircraft
for both the international and domestic flights. Division
of Global Migration and Quarantine distributed the in-
formation through CDC’s secure Epi-X system to state

health departments in states where the exposed passen-
gers resided for follow-up.

Healthcare Exposures
Healthcare facilities where patients had been exposed to
measles identified exposed healthcare personnel (HCP)
and patients who had been in hospital and examination
rooms during and �2 hours after an infectious patient or
in the facility waiting room at the same time as an infec-
tious patient. Healthcare facilities were allowed to
follow-up with patients; information on measles vaccina-
tion and symptoms were collected. Healthcare facilities
excluded exposed HCP, including those born before
1957, from patient care until evidence of presumptive
immunity was documented.

RESULTS

Case Identification
Of the 38 suspected cases investigated for measles, 14
confirmed cases were identified. The source patient, a US
resident aged 24 years, unvaccinated for philosophic
reasons, returned to the United States after living in
Indonesia for a year. She experienced chills and a gener-
alized maculopapular rash on June 3, 2011, during the
return flight; temperature was not measured and no other
prodromal symptoms were reported. She was admitted to
a hospital during June 7, 2011–June 9, 2011 and treated
for dehydration and presumed dengue fever. Measles
was not considered, and the patient was not isolated;
however, she was in a private room, and the hospitaliza-
tion occurred at the end of her infectious period. She was
retrospectively diagnosed June 20, 2011 through the
outbreak investigation.

Patient Characteristics
Of the 14 total cases, 10 patients (71%) were female.
The median age was 11.5 years (range, 15 months–27
years). Thirteen cases occurred among unvaccinated
members of 1 extended family. Two generations of cases
were observed during a 4-week period based on the
onset of rash and the known incubation period for
measles; 10 were first generation and 3 were second gen-
eration (Figure 1). Case 9 (Table 1), the only case identi-
fied outside the extended family, occurred in a child aged
23 months who had been exposed at a party. The child
received 1 dose of MMR vaccine 5 months before illness
onset. Eleven patients accessed healthcare (ED, urgent
care, hospital, or a physician’s office); of these, 4 were
not placed in airborne isolation because measles was not
suspected, and 2 were hospitalized: the source patient
(not isolated during hospitalization), and a pregnant
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woman (at 32 weeks’ gestation) with acute pneumonitis
from measles. No associated deaths were reported, and
there were no reported problems with the affected preg-
nancy. Three patients, including the source patient,
sought medical attention without being diagnosed and
were only identified through subsequent contact investi-
gations. The PHESS system identified a total of 14 sus-
pected cases, 1 of which was confirmed as measles
through epidemiologic linkage to a confirmed case.

Five cases were confirmed by serology and RT-PCR, 4
by serology only, 1 by RT-PCR only, and 4 by epidemio-
logic linkage. Viral isolates collected from 2 patients
were identified as genotype D9, which is endemic in
Indonesia [20].

Exposure and Contact Investigations
Eight hundred sixty-eight persons were exposed; 668
(77%) exposures occurred in the community, 72 (8%)
occurred on commercial airline flights, and 128 (15%)
occurred in healthcare settings (Figure 2; Table 2). Of
total exposures, 242 (28%) self-reported vaccination or
childhood disease, 402 (46%) had presumptive immunity
per ACIP guidelines, and 153 (18%) were lost to
follow-up. Vaccination records were available through
CHIRP for 112 (13%) of exposed persons; all of these
were born after 1990. No exposed persons were given
MMR vaccine within the 72 hours of exposure, and only
1 child received measles Ig therapy. Of the 71 persons
without evidence of measles immunity, 44 were vaccinat-
ed through health department efforts, 9 were too young
for vaccination, 12 developed measles disease, and 6
were not vaccinated. Resources spent by the state health
department during the investigation included a total

of $35 172.30: $2004.60 for travel-related expenses,
$835.10 for measles vaccinations, $30 418.10 in salaries
for personnel diverted to outbreak-related activities, and
$1914.50 in laboratory supplies.

Community Exposures
Of the 668 community exposures, 161 occurred at a
church, 53 at different social events, 58 at a sporting event,
29 on a school-sponsored bus trip, 20 family members,
and 347 at 2 different work places. At the church, 139 of
161 exposed persons (86%) self-reported vaccination or
childhood measles. Social events and meetings accounted
for 53 exposures; 1 child (Case 9) experienced measles.

One patient attended an open-air sporting event, ex-
posing 58 other persons: 40 (69%) self-reported vaccina-
tion or childhood measles, 3 (5%) had been born before
1957, and 15 (26%) were lost to follow-up. One unvac-
cinated family member of the source patient refused to
comply with the voluntary quarantine and was put under
mandatory quarantine through the county attorney.
Quarantine was enforced by the local sheriff’s office.

Of the 346 persons who were exposed at the factory,
69 had at least 1 documented dose of MMR vaccine
(Table 2), with the majority of the documented doses
obtained through CHIRP: 29 were born before 1957,
and 40 were lost to follow-up. MMR vaccination was
given to and measles IgG antibody titers were drawn on
208 factory workers; 38 (18%) were negative. Those
with negative titers were offered a second dose �28 days
after the first dose. The distribution of the birth years for
the factory workers who had negative measles IgG anti-
body titers was similar to all those tested (Figure 3). No
additional workers experienced measles.

Figure 1. Patients with measles by date of rash onset, Indiana, June 2011.
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Table 1. Clinical Characteristics and Contacts of Measles Patients and Outcomes for Each Healthcare Facility Encounter, Indiana, June 2011.

Case
(onset
date)

Age/
Sex Vaccinated? Symptoms

Medical Care
(date)

Clinical
Diagnosis

PCR
Results Measles Serology

Airborne
Isolation
(date) Contacts

1 (6/3) 24 F No Fever, rash, cough, coryza,
mouth sores

Primary care
office ( June 6)

Dengue fever No
specimen

None No 12 family members, 72
airline passengers,
161 church attendees,
9 HCP, 14 patients

Nausea,
vomiting, diarrhea

Hospitalized
( June 7–9)

Dengue fever None (later tested
IgM- and
IgG-positive)

No Additional 22 HCP
exposures

2 (6/17) 16 F No Fever, rash, cough, coryza,
conjunctivitis

ED ( June 20) Measles Positive IgM-, IgG-positive Yes ( June 20) 29 out-of-state trip
attendees, 17 HCP, 23
patients

3 (6/17) 16 F No Fever, rash, coryza,
conjunctivitis, nausea

ED ( June 20) Measles Positive IgM-positive Yes ( June 20) 21 meeting attendees

4 (6/17) 5 M No Fever, rash, cough, coryza,
conjunctivitis, photophobia

Urgent care
( June 17)

Measles No
specimen

IgM-positive No 21 party attendees, 5 HCP,
12 patients

5 (6/18) 21 M No Fever, rash, coryza, nausea,
vomiting

ED ( June 20) Measles Positive IgM-, IgG-positive Yes ( June 20) 1 coworker, 2 friends

6 (6/19) 16 F No Fever, rash, cough, coryza,
nausea, vomiting

ED ( June 20) Measles Positive IgM-positive Yes ( June 20)

7 (6/20) 27 F No Fever, rash, cough, coryza,
conjunctivitis, nausea,
vomiting

ED ( June 20) Measles Positive IgM-positive Yes ( June 20) 346 coworkers, 58 sporting
event attendees, 3 family
members

8 (6/20) 26 F No Fever, rash, cough, coryza,
conjunctivitis, mouth sores,
respiratory distress

OBGyn office
( June 20)

Measles IgM-, IgG-negative No 2 family members, 8 HCP

Same as above Hospitalized
( June 23–24)

Measles Negative IgM-positive Yes ( June 22)

9 (6/20) 2 F Yes 1 MMR
(2/23/2011)

Fever, rash, conjunctivitis ED ( June 22) Conjunctivitis Negative None (later tested
IgM- and
IgG-positive)

No 2 HCP, 14 patients

10 (6/21) 4 F No Fever, rash, cough, coryza,
conjunctivitis, otitis media

Primary care
office ( June 18)

Ear infection Positive None No 3 family members, 9 party
attendees, 2 HCP

11 (6/23) 7 M No Fever, rash, cough, diarrhea,
photophobia

None No
specimen

None No

12 (6/28) 1.4 F No Fever, rash, cough,
conjunctivitis, mouth sores

ED ( June 30) Measles,
dehydration

No
specimen

None Yes ( June 30)

13 (6/29) 5 F No Fever, rash, mouth sores None No
specimen

None No

14 (6/29) 1.8 F No Fever, rash, coryza None No
specimen

None No

Abbreviations: ED, emergency department; F, female; HCP, healthcare personnel; Ig, immunoglobulin; M, male; MMR, measles-mumps-rubella; PCR, polymerase chain reaction.
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Airline Exposures

Division of Global Migration and Quarantine distributed
names and contact information for 72 passengers to 11
state health departments for follow-up. Of those passen-
gers, 27 (38%) self-reported a history of measles or
vaccination; 3 (4%) had been born before 1957; 2 (3%)
were too young to be vaccinated; and 40 (56%) were lost
to follow-up. No additional measles cases were identified.

Healthcare Exposures
A total of 128 persons were exposed at 7 healthcare facili-
ties: 3 private physicians’ offices (2 primary care offices
and 1 obstetrical office), 1 urgent care facility, 2 EDs, and
2 hospitals. A total of 65 HCP were exposed: 43 (66%)
had 2 doses of MMR vaccine documented before the

outbreak, and 2 HCP born before 1957 had physician
letters confirming childhood measles disease. The
remaining 20 exposed HCP tested after the outbreak
had positive measles IgG antibody titers; of these, 11 were
born before 1957. Healthcare facilities attempted
to contact 63 exposed patients. Thirty were lost to
follow-up. Among the 33 exposed patients with symptom
and measles immunity information, 8 lacked presumptive
evidence of measles immunity (Table 2); these were volun-
tarily quarantined, and none experienced measles.

DISCUSSION

The 2011 Indiana measles outbreak was the second
largest in the United States during 2011, complicated by

Figure 2. Relationships between patients and subsequent exposures to measles patients, Indiana, June 2011.
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delayed diagnosis in an unvaccinated US resident who
returned from international travel. The attack rate among
unvaccinated family members was 92%, highlighting the
measles infectiousness. Transmission among family
members could have been prevented if the diagnosis was
made earlier. Two patients were ill enough to require
hospitalization for a total of 5 days. The involvement of
multiple hospitals, clinics, health departments, and coun-
ties strained local and state resources.
Vaccination coverage estimates for Indiana during 2010,

according to the National Immunization Survey, were

92.3% for those aged 19–35 months and 92.6% for those
aged 13–17 years [21]. This outbreak demonstrates that
high population immunity will limit but not prevent out-
breaks in the presence of pockets of unvaccinated persons,
and even in highly vaccinated populations, infants <1 year
old with unvaccinated mothers lack passive maternal
measles antibodies, leaving them unprotected.

Indiana’s vaccine registry system, CHIRP, was valuable
because persons with 2 doses of MMR required no addi-
tional follow-up, conserving limited time and resources;
however, its usefulness was limited to those in the
system, primarily children and young adults. The PHESS
system helped identify an additional case; similar active
surveillance systems might be helpful during future
measles outbreaks.

Case 9 was likely a case of primary vaccine failure
after experiencing disease with 1 MMR dose. Even
though one dose is between 90% and 95% effective,
during the late 1980s, outbreaks often were observed
among populations with 1 dose of MMR vaccine,
leading to a second dose recommendation in 1989 [22].
In an outbreak, exposed children who have only received
1 dose should be given a second dose.

Because measles remains endemic in parts of the
world, importations will continue. Although internation-
al travel vaccination recommendations exist for US
residents traveling abroad, these require voluntary com-
pliance [19] and awareness. No nation requires measles

Table 2. Characteristics of Exposed Persons by Exposure Scenario, Indiana, 2011.

Evidence of Immunity No Measles Immunity

Exposed Self-reporta
Documented

1 dose
Documented

2 doses

Born
before
1957

Positive
serologyb Total

No history
of

vaccination
Negative
serologyb

Too
young
for

vaccine Total
Lost to

Follow-up

Airline (n = 72)
Flights 72 27 0 0 3 0 30 0 0 2 2 40
Community (n = 668)
Family 20 2 0 2 3 0 7 12 0 1 13 0
Church 161 139 0 0 2 0 141 2 0 2 4 16
Bus trip 29 0 1 23 1 1 26 1 0 0 1 2
Social
events

53 20 2 14 2 0 38 3 0 2 5 10

Sporting
event

58 40 0 0 3 0 43 0 0 0 0 15

Workplace 347 1c 18 51 29 170 269 0 38 0 38 40
Healthcare (n = 128)
HCP 65 0 0 43 2 20 65 0 0 0 0 0
Patients 63 13 0 4 8 0 25 6 0 2 8 30

Total 868 242 21 137 53 191 644 24 38 9 71 153

Abbreviations: HCP, healthcare personnel; Ig, immunoglobulin.
aFor this outbreak, self-report was considered as evidence of immunity for persons without measles symptoms who were exposed >21 days before follow-up.
bSerology as evidence by measles IgG antibody.
cExposed in a different occupational setting than the 346 factory workers.

Figure 3. Distribution of the percentage of persons with negative and positive
measles antibody immunoglobulin G titers by decade of birth: factory expo-
sure setting.

116 Collier et al

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/2/2/110/915352 by guest on 23 M

ay 2023



vaccination for entry [23]. Many exposed airline passen-
gers were lost to follow-up in this investigation, demon-
strating challenge in gathering these data when multiple
jurisdictions are involved.

Measles patients often seek medical attention [24–27].
Because of this, HCP are at 2–19 times higher risk for
being infected with measles than the general population
[24, 25]. Measles among HCP affects the ability for the
healthcare system to deliver care and puts immunocom-
promised patients at risk [24]. All HCP had evidence of
immunity in this investigation, potentially explaining low
transmission. The apparent lack of spread among pa-
tients may have been due to low exposure and inability
to contact potential cases.

Categorizing exposure risk at the factory was difficult
for public health officials, and it was likely less intense
than household exposures due to the conservative
approach to exposure definition in this setting. Because
of the timing of testing and vaccination, clinics may not
have prevented additional cases; the primary reason for
the intervention was to prevent exposures in the event of
additional cases, protecting the local industry and
worker productivity. No additional cases occurred. The
investigation and control of the outbreak cost the state
health department over $35,000 and 960 hours for
the personnel, which placed a burden on the health
department.

Limitations included lack of follow-up for all exposed
persons, making it difficult to quantify the effectiveness
of the control efforts. The total extent of community ex-
posure was unknown despite significant active surveil-
lance efforts through media reports, IHAN messages to
clinicians, and PHESS. No follow-up was attempted for
those contacted >21 days who self-reported childhood
disease or vaccination. The economic assessment was
conducted retrospectively and doses not include direct ex-
penses related to care for patients or resources spent by
the local health departments. Parents should be educated
on the importance of vaccinations for children, despite
high vaccination rates in their communities, to prevent
measles among high-risk groups (eg, pregnant women,
immunocompromised persons, and children too young to
be vaccinated). Public health investigation and interven-
tion continue to be a crucial way of limiting outbreaks,
despite significant cost [28, 29]. Persons should receive
age-appropriate vaccination before traveling. Infants 6–
11 months old should receive 1 dose of MMR before
traveling to measles-endemic countries. Healthcare facili-
ties should require documentation of presumptive
measles immunity for HCP as a condition of employment
[30, 31]; electronic records are encouraged. Finally,

physicians should inquire about recent travel and immu-
nization status when evaluating patients with measles-like
symptoms and report suspected cases to public health
officials.
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