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Background. When caring for measles patients, N95 respirator use by healthcare workers (HCWSs) with documented immunity
is not uniformly required or practiced. In the setting of increasingly common measles outbreaks and provider inexperience with
measles, HCWs face increased risk for occupational exposures. Meanwhile, optimal infection prevention responses to healthcare-
associated exposures are loosely defined. We describe measles acquisition among HCWs despite prior immunity and lessons from
healthcare-associated exposure investigations during a countywide outbreak.

Methods. Primary and secondary cases, associated exposures, and risk factors were identified during a measles outbreak in Or-
ange County, California from, 30 January 2014 to 21 April 2014. We reviewed the effect of different strategies in response to hospital
exposures and resultant case capture.

Results. Among 22 confirmed measles cases, 5 secondary cases occurred in HCWs. Of these, 4 had direct contact with measles
patients; none wore N95 respirators. Four HCWs had prior evidence of immunity and continued working after developing symp-
toms, resulting in 1014 exposures, but no transmissions. Overall, 13 of 15 secondary cases had face-to-face contact with measles
patients, 8 with prior evidence of immunity.

Conclusions. HCWs with unmasked, direct contact with measles patients are at risk for developing disease despite evidence of
prior immunity, resulting in potentially large numbers of exposures and necessitating time-intensive investigations. Vaccination may
lower infectivity. Regardless of immunity status, HCWs should wear N-95 respirators (or equivalent) when evaluating suspected
measles patients. Those with direct unprotected exposure should be monitored for symptoms and be furloughed at the earliest

sign of illness.
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A decade after measles was declared nonendemic, the United
States saw a rise in outbreaks, most associated with importation
by unvaccinated individuals traveling internationally [1, 2].
More measles cases were reported nationally in 2014 than in
any year since elimination was declared in 2000 [1]. Measles
outbreaks significantly impact public health systems and health-
care facilities, costing an estimated $2.7 to $5.3 million in 2011
alone [3, 4].

Healthcare worker (HCW) inexperience with measles con-
tributes to delayed recognition and diagnosis, increasing the
potential for healthcare-setting exposures. HCWs caring for
measles patients frequently have face-to-face contact, placing
them at high acquisition risk. If they subsequently develop ill-
ness, HCWs can potentially expose large numbers of patients
and staff [5]. Evidence of measles immunity by history or
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laboratory confirmation significantly lowers, but does not elim-
inate, the risk of secondary infection [6, 7]. Despite this, guid-
ance has not always been uniform in requiring N95 respirator
use among HCWs with documented immunity to measles;
when recommended, the necessity of N95 respirator use has
been questioned by practitioners [8, 9]. Furthermore, although
most HCWs are required to have evidence of measles immunity
as a condition of employment, enforcement of such policies is
variable. While occupational health standards for immuniza-
tion may be stringent upon hire, documentation of immunity
in HCWs after hire is less consistent [10]. Infection control
and occupational health strategies often treat historical docu-
mentation of measles immunity as absolute, despite the low
but present risk for measles infection in persons with evidence
of immunity.

In this study, we report an outbreak of measles in Orange
County, California, in which 4 secondarily exposed HCWs
developed disease despite history of vaccination and immunity,
resulting in multiple labor-intensive exposure investigations
with no further cases identified. We found that N95 respirator
use by HCWs regardless of immunity and prompt follow-up
for assessment of exposed staff could dramatically reduce
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healthcare-associated exposures. We also identify key primary
prevention strategies to limit healthcare-associated exposures
adopted at our facility.

METHODS

The Orange County Health Care Agency (OCHCA) was noti-
fied of suspect primary measles cases by local medical provid-
ers; secondary suspect cases were reported by clinical providers
or identified directly by OCHCA. Measles testing was arranged
for suspect cases presenting with rash with some combination
of fever (temperature, > 101°F), cough, coryza, or conjunctivitis.
Oropharyngeal polymerase chain reaction (PCR) testing was
performed for patients presenting within 3 days of rash onset,
with urine PCR and measles serum immunoglobulin M (IgM)
testing whenever possible. Patients presenting days 4-10 after
rash onset had oropharyngeal and urine PCR testing, frequently
with measles IgM testing as well. Patients with rash beginning
more than 10 days post-exposure had measles IgM testing, with
oropharyngeal and/or urine PCR testing on a case-by-case
basis. Exposures were defined, per California Department of
Public Health (CDPH) guidance, as persons sharing the same
airspace with a measles patient within 4 days before or after
rash onset or who were in these areas within 1 hour of an infec-
tious measles case [11].

Exposed county residents were assessed by OCHCA. Health-
care facility patient exposures were co-managed with OCHCA.
Healthcare facility staff exposures were managed primarily by
the facility with OCHCA support. Clinical information for sus-
pected and confirmed cases was obtained from medical chart
reviews and phone/in-person interviews; the latter was attempt-
ed for all close contacts (household, social, workplace, or other
contact with risk for prolonged exposure). Acceptable evidence
of immunity for those working in high-risk occupations
(healthcare/daycare settings) was defined as written documen-
tation of 2 measles, mumps, and rubella (MMR) vaccine doses
or positive measles serum IgG. Non-high-risk exposures were
defined as those exposed (sharing the same room for any length
of time) to an infectious measles patient without close contact,
underlying medical conditions including pregnancy and immu-
nocompromised status, or high-risk occupations such as HCW
or daycare worker.

OCHCA or hospital infection prevention program staff at-
tempted to reach all identified contacts. Contacts were informed
of their exposure, educated on measles symptoms, and asked to
report any illness to OCHCA. High-risk contacts were moni-
tored for symptoms by periodic follow-up phone calls. Strate-
gies for inpatient exposure investigations used by an academic
medical center during this outbreak are shown in Figure 1.
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Figure 1. Strategies for exposure investigation used by academic health center during 2 measles exposure investigations. “Pregnant, Age <12 months, or Immunocompro-
mised; °Patients with vaccine allergy, severe immunocompromise (malignancy, neutropenia, on short or long term immunosuppressives, AIDS), or pregnancy. Abbreviation: |G,

immunoglobulin.
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Serology was performed for measles-specific IgM/IgG at
OCHCA or at the facilities where patients presented. All posi-
tive samples from community laboratories were confirmed by
OCHCA, which used the measles virus IgM/IgG antibody test
system (MBL Bion, Des Plaines, Illinois; www.mblintl.com). All
measles viral RNA reverse transcription polymerase chain reac-
tion (RT-PCR) virologic testing was performed at OCHCA
using RT-PCR assay with the following 3 gene targets: nucleo-
protein (N3), hemagglutinin (H1), and fusion (F1). The CDPH
Viral and Rickettsial Disease Laboratory performed measles ge-
notype sequencing [12].

RESULTS

The outbreak involved 22 confirmed cases diagnosed in Orange
County from 16 January 2014 to 21 April 2014; 7 were primary
(with no known epidemiologic link to a source case) and 15
were secondary cases (Figure 2). Among 2245 exposures, 1994
(88%) were healthcare associated; 6 secondary cases resulted
from exposure in a healthcare setting, 5 of these were HCWs.
Among secondary cases, 13 (86.6%) had direct face-to-face con-
tact with measles patients; among these, 8 (61.5%) had evidence
of immunity against measles. PCR confirmed measles in 16

cases. Genotyping of PCR-positive samples revealed B3 measles
virus (associated with strains in Philippines outbreaks) in all 16
cases. Four cases identified retrospectively were not PCR tested
but were measles IgM positive. One patient refused testing but
met clinical criteria for measles based on classic presentation
and known close contact with a confirmed case. One HCW
with 2 previously documented MMR vaccine doses was PCR
negative (oropharyngeal and urine samples) and serum IgM
negative but met criteria for measles based on history of de-
scending rash with fever and cough developing after an appro-
priate incubation period following exposure to a known case.
Serologic testing was performed on 19 of 22 cases; 11 were
IgM positive.

The first identified measles case was a 19-year-old female
with known exposure to measles during travel to the Philippines
who developed disease despite 3 documented MMR vaccine
doses. Subsequently, 6 additional primary cases were identified,
none with measles exposure history or recent travel to measles-
endemic countries. The outbreak consisted of 2 clusters. Cluster
1 occurred in an affluent community and began with illness in a
vaccine-refusing family with subsequent spread in a daycare
center. Cluster 2 centered on a less affluent Latino adult community
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Figure 2. Measles outbreak and identified exposures across outbreak period. Abbreviations: HCW, healthcare worker; +Vacc, vaccinated; ?Vacc, unknown vaccination status;

No Vacc, not vaccinated; yo, years old.
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in a small geographic area over a short period of time, with like-
ly unrecognized common exposures. Among the affected Lati-
nos, vaccination history was mostly unknown or vaccinated;
none were identified to have refused vaccination.
Demographic and clinical characteristics stratified by prima-
ry vs secondary measles cases and vaccination status is shown in
Table 1. Among cases with known immunization status, all 5
unvaccinated individuals were aged <16 years and white. Two
secondary cases acquired measles following household exposure
to a single primary case who had 2 documented MMR vaccine

doses; 12 occurred after exposure to 5 unvaccinated measles
cases; and 1 acquired disease after exposure to a primary case
with unknown immunity.

Clinical presentation with typical signs and symptoms of
measles (prodromal temperature >101°F [38.3°C] and some
combination of cough, coryza, and/or conjunctivitis followed
by descending maculopapular rash) were found in 10 of 11
cases who were not known to have had measles exposure
when initially seen by an HCW. Nevertheless, only 2 of 11
(18%) had measles on initial differential diagnosis. The majority

Table 1.

Patient Characteristics Among Confirmed Measles Cases for the 2014 Measles Outbreak in Orange County, California

Primary vs SecondaryCases Vaccinated vs Unvaccinated Cases®

Primary® Secondary® Vaccinated® Unvaccinated®
Patient Characteristic (n=7) (n=15) (n=10) (n=5)
Demographics
Age, y (median, range) 30 (16-45) 36 (3-48) 34 (18-48) 3 (3-16)
Male, % 57.1 53.3 50 80
Race/Ethnicity (n, %)
White, Non-Hispanic 0(0) 8 (53) 4 (40) 3 (60)
Hispanic 5(71) 4(27) 4 (40) 0(0)
Asian/Pacific Islander 2 (29) 3 (20) 2 (20) 2 (40)
Clinical
Day of illness on presentation (median, range) 5 (2-6) 3 (1-5) 4 (1-5) 3 (1-4)
Days from first presentation to diagnosis (median, range) 4 (1-20) 2 (1-8) 4 (1-5) 3(1-4)
Overall clinical presentation with typical measles features’ (%) 71.4 683 20 100
Complications associated with measles? 0 0 0 0
Presence of comorbidity” (%) 42.9 0 0 0
Primary clinical diagnosis other than measles on first presentation (%) 57.1 60 40 80
Documented history of vaccination or positive titer (%) 28.6 533 ..
Travel history 1 0 1 0
Admitted to hospital (%) 57.1 20 10 40
Percent immunoglobulin M* during active illness (%) 71.4 53.3 0 100
Public health and infection control factors
Primary locations of measles diagnosis
Emergency department (%) 71.4 333 20 40
Inpatient (%) L 6.7 s 20
Public health center (%) 28.6 60 80 40
Number of medical visits prior to diagnosis (median, range) 2.0 (1-3) 1.0 (1-3) 1(1-2) 3 (2-3)
Time between arrival and placement in airborne isolation, median hours (range) 4.42 (0-8.0) 2.0 (0.08-48) S .
Number exposed 748 1497 1230 327
Healthcare exposures 706 1288 1053 281
Household exposures 30 75 49 28
Social events 23 23
Daycare setting 12 14 8 18
School exposures 69 69
Work exposures 28 28
Number of transmissions 7 8 2 10

@ Vaccination or immunity status unknown for 7 cases.

° Primary cases = index patient and/or patient in whom exposure is not clearly associated with known measles case.

¢ Secondary cases = patient with exposure to known measles case.

9 Vaccinated cases defined as patients presenting with measles with documented history of childhood measles, mumps, and rubella (MMR) vaccination series completion and/or known

previous serologic testing confirming immunization titers.

¢ Unvaccinated cases defined as patients presenting with measles with history of not receiving any or receiving incomplete childhood MMR vaccination.

'Typica\ clinical presentation defined as presence of fever (subjective or objective), rash, and either cough, coryza, or conjunctivitis.

9 Complications defined as otitis media, pneumonia, seizures, encephalitis.

" One patient was pregnant, 1 with schizophrenia, 1 with controlled diabetes mellitus and hypertension. No patients were immunocompromised.
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of secondary cases and those occurring in vaccinated individu-
als had known measles exposure and diagnosed by public health
personnel, resulting in earlier diagnoses.

Seven patients, including all HCWs, were known to be ex-
posed to measles and evaluated by public health personnel im-
mediately upon rash onset, causing no healthcare exposures
during their medical assessment. Three cases were identified
retrospectively, and healthcare exposure information was un-
available. One patient was identified retrospectively and report-
ed not seeking medical care. No patients developed pneumonia
or encephalitis, and all recovered without sequelae.

Median time to airborne isolation was twice as long among
cases without exposure, the longest being for patients admitted
with a primary diagnosis other than measles. For example, of
two 3-year-olds exposed to measles at the same daycare center,
1 was diagnosed with Kawasaki disease and the other with an
unknown febrile illness. Both presented with typical measles
symptoms and neither was placed in airborne precautions
until 48 and 24 hours, respectively. Similarly, a pregnant
woman diagnosed with a “viral exanthem” was placed in air-
borne precautions 8 hours after arrival, resulting in 450 expo-
sures. Among those placed in airborne precautions >2 hours
after arrival to a healthcare facility, all had typical measles
presentation.

The majority of identified exposures in this outbreak were
healthcare associated and fueled by secondary measles among
HCWs. All HCWs had been informed of their exposure and
assessed for evidence of immunity prior to illness. HCW-
associated facility exposures occurred while working during
prodromal symptoms. Table 2 displays clinical and epidemio-
logic details of the 5 HCWs who acquired measles, resulting
in 1014 exposures. None wore N95 respirators on initial exam-
ination of measles patients. All but 1 had evidence of immunity.
Of note, 4 of 5 HCWs had direct, close contact with measles
patients; 1 HCW with documented serologic immunity was
working in the same emergency room but did not recall direct
interaction with the measles case. Only 2 HCW's who acquired

measles presented with typical symptoms, one of whom was the
HCW with uncertain vaccination history. The 3 HCWs who
continued working while symptomatic (prior to recognition
of measles) generated the majority of exposures, had prior ac-
ceptable evidence of immunity, and had mild prodromal symp-
toms. No secondary cases occurred among the large number of
patients and staff who these HCWs exposed.

Two strategies used at an academic healthcare center for 2
patients presenting with measles are shown in Figure 2. The
first case generated 140 exposures among inpatients sharing
the same airspace with the measles patient, including all hospi-
tal floors sharing air circulation with the emergency room and
the medical floor the patient occupied before placement in air-
borne precautions. Using strategy I, all inpatients underwent
serologic testing. Among 64 inpatients, all except 4 were mea-
sles IgG positive; among these, 2 were equivocal and 2 were
negative. All 4 received measles post-exposure prophylaxis vac-
cination within 72 hours of exposure. Similarly high levels of
immunity were found on public health serologic evaluation
of identified exposed individuals not meeting CDPH criteria
for likely immunity. Even among those in this group, more
than 95% had positive measles titers [11]. In another case,
strategy II was adopted and revealed 62 inpatients exposed to
measles, 27 of whom received post-exposure vaccination. The
remainder declined vaccination, many of whom recalled prior
MMR vaccination. Among 11 requiring serology, all had pos-
itive titers. None of the exposed inpatients in either case devel-
oped disease.

We calculated the number of known persons exposed for
each measles case and identified strategies that could have pre-
vented these exposures if implemented. Immediate triage into
airborne isolation of patients presenting with 1-3 measles
symptoms could have averted 980 (43%) exposures. N95 respi-
rator use by HCWs regardless of immunization status could
have prevented up to 1014 (100%) of all HCW-associated expo-
sures. Once exposed, daily monitoring of HCWSs for symptoms
and furlough at the first sign of illness could have potentially

Table 2. Secondary Measles Cases Among Healthcare Workers

Date of Date of Days Infectious Days Working ~ Number of

Age, Measles Immunity Prior Date of lliness Rash While During Active Patients
y Gender to Exposure Exposure Onset® Fever Cough Coryza Onset Asymptomatic Symptoms Exposed
32 F IgG titer positive 3/3/2014 3/17/2014 Y Y N 3/18/14 3 0 0P
36 F IgG titer positive 3/3/2014 3/14/2014 Y N N 3/18/14 0 4 850

41 M 2 MMR vaccine doses 3/7/2014 3/18/2014 Y N N 3/20/14 2 2 26

37 M 4 MMR vaccine doses, 3/7/2014 3/16/2014 N Y N 3/20/14 0 4 72

IgG titer positive
40 F Uncertain vaccine history,  3/7/2014 3/19/2014 Y Y Y 3/21/14 2 0 22¢

IgG titer equivocal

Abbreviations: IgG, immunoglobulin G; MMR, measles, mumps, and rubella.
@ No healthcare workers presented with conjunctivitis.
° Not scheduled for work for 4 days prior to rash developing.

¢ Furloughed from work, but went to emergency department to be seen.
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prevented 922 (91%) identified HCW-related exposures and
41% of all identified exposures.

DISCUSSION

This measles outbreak highlights HCW risk of becoming infect-
ed while caring for measles patients, regardless of presumptive
evidence of immunity. History of immunity provided false reas-
surance to HCWs with unprotected face-to-face exposures dur-
ing the outbreak, leading them to continue working even when
prodromal symptoms appeared. Our findings emphasize the
importance of adherence to the recent Centers for Disease Con-
trol and Prevention (CDC) recommendation for use of N95 or
equivalent respirator for suspect measles cases regardless of im-
munity status [13, 14]. This presents a challenge for primary
care facilities that frequently do not stock N95 respirators or
have their staff fit-tested. However, even in facilities where
N95 respirators are available and fit-testing is standard, compli-
ance with this recommendation is variable [8].

Timely N95 respirator use relies on provider suspicion of
measles, which may not be appreciated until after direct contact
with infected patients, particularly in post-elimination era set-
tings where clinical experience with measles is low. In our study,
80% of patients required multiple visits before diagnosis. This
finding underscores the need for continued, periodic education
on previously eliminated diseases of front-line HCWs. The cost
of missed diagnosis of this highly communicable disease
obligates consideration of conservative primary prevention
strategies in triage. After this outbreak, our facility began imme-
diate triage of patients presenting with any rash, using signage
to guide patients to enter the facility away from the emergency
room waiting area and directly into airborne isolation until fur-
ther evaluation by nursing staff. Subsequently, 2 patients with
suspected measles immediately triaged in this manner (ulti-
mately testing negative) would have resulted in zero health-
care-associated exposures. Triaging on rash alone may not be
feasible in the primary care setting. Importantly, we estimate
that the addition of other symptoms to this triaging strategy
could still avoid a substantial number of exposures. Strategies
for primary prevention of exposures used at this academic hos-
pital were subsequently refined and are detailed in Supplemen-
tary Table 4.

The mild nature of prodromal symptoms in previously vac-
cinated HCWs likely further delayed diagnosis. Identification
and furlough at the earliest signs of illness could have prevented
91% of healthcare exposures. HCWs with evidence of measles
immunity who have face-to-face contact with a measles patient
can continue to work; however, they should be made aware of
their risk (albeit low) for developing illness despite prior immu-
nity. These HCWs should be monitored for ongoing symptoms
and be furloughed at the earliest sign of illness.

Measles immunization was highly protective in our county’s
outbreak, with only 6 secondary cases in healthcare settings

despite more than 1000 exposures. Moreover, vaccination ap-
peared to minimize infectivity among the few who developed
breakthrough disease despite vaccination. None of the previous-
ly vaccinated individuals (including HCWs) who acquired mea-
sles resulted in further transmission despite 1053 identified
exposures. Meanwhile, 5 unvaccinated individuals who exposed
far fewer individuals (281) resulted in 6 secondary cases. Efforts
by hospital infection prevention and occupational health pro-
gram staff charged with maintaining concurrent and complete
employee vaccination rates prove critical in the setting of expo-
sures, as in this outbreak. State immunization requirements, in-
vestments in automated systems to augment these efforts, and
mandatory vaccination strategies can substantially mitigate
risks and optimize resource use in response to exposures [15-18].

Measles exposure investigations represent high-cost, high-
stress efforts for local public health departments and hospital
infection prevention programs in the post-elimination era,
with unclear net returns [4]. While extensive guidance exists
on case definition and high-risk exposure investigation, the rec-
ommended extent and scale of investigation for non-high-risk
exposures is less well outlined [19]. The CDC includes both per-
sons sharing the same room and those sharing the same air-
space as “high priority groups for contact investigation” [19].
It is noteworthy that 86.6% of secondary cases seen in our out-
break had documented face-to-face contact with measles pa-
tients. These direct encounters carried a risk of infection
despite history of prior vaccination or immunity. Persons
with only airspace exposure (most often persons sharing the
same waiting room in a clinic or emergency department setting)
to cases were unlikely to develop disease. While shared airspace
transmissions in healthcare settings have occurred, the majority
of these have been in settings where measles is endemic, where
vaccination rates have not achieved herd immunity, or where
structural engineering of facilities is less well developed [5].
Moreover, surveying low-risk, nondirect contact exposures
was labor intensive and identified few nonimmune persons.
Based on our experience during this outbreak, OCHCA no lon-
ger surveys all exposed patients for evidence of immunity but
rather works with healthcare facilities to notify low-risk patients
of their exposure, with follow-up recommendations if symp-
toms develop. Serologic testing is reserved for high-risk expo-
sures, infants, pregnant women, the immunocompromised,
and those working in locations such as healthcare and daycare
settings.

Almost 15 years have passed since measles was declared elimi-
nated from the United States [20]. Though we still face challenges in
maintaining high vaccination rates in some communities, overall,
the majority of the population has been vaccinated or has natural
immunity. While it is understood that previously vaccinated indi-
viduals who acquire measles may present atypically, clinical presen-
tation or laboratory diagnostic criteria in the post-elimination era
has not been systematically characterized [21-23]. Documented
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transmission of measles from a previously vaccinated individual
has been reported once previously and was seen in our out-
break, but seems rare. Information from sporadic outbreaks
suggests that vaccinated individuals who acquire measles are
less infectious [4, 6, 24, 25]. How much less infectious such
cases are is unknown. Further definition could substantially
streamline exposure investigations. Our findings also raise addi-
tional questions about the prevalence and significance of wan-
ing immunity in previously vaccinated persons, particularly
HCWs. Waning immunity has not been well studied in adults
in the post-elimination era.

Our investigation has several limitations. We were unable to
identify or reach all community contacts of measles cases. In the
healthcare setting, not all contacts could be reached. Not all
family members accompanying case patients were identified
or reachable. HCWs or patients who may have developed un-
recognized measles are not reflected in our findings. While re-
porting measles cases to public health is mandated, such cases
are not always identified or reported. Finally, seroimmunity
rates in our county are consistently higher than 98%; commu-
nities with lower immunization rates may need to consider re-
sponse and contact investigation strategies that are different
from those suggested here.

Current recommendations for measles exposure investiga-
tions in healthcare settings emphasize the high risk of transmis-
sion and the protective value of immunization; our county’s
outbreak experience affirmed these principles. However, we
also found that face-to-face exposure to someone with measles
conferred substantial risk of infection, independent of immuni-
ty status. In our study, nondirect airborne exposures within
healthcare facilities did not result in additional cases. For
HCWs, breakthrough cases of disease can occur despite meet-
ing CDC criteria for acceptable evidence of immunity. Investi-
gation of measles exposures in healthcare facilities should
ensure that exposed HCWs are educated on the possibility of
breakthrough disease. Regardless of immunity status, HCWs
should wear N-95 respirators on room entry when evaluating
suspect measles patients, and those with face-to-face unprotect-
ed exposure should be monitored closely for symptoms, with
consideration of furlough at the earliest sign of illness.

Supplementary Data

Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.
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