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Introduction
Beginning in March 1990, New York

City experienced a resurgence of mea-
sles.' For 1990, a total of 1108 confirmed
measles cases2 and 8 measles-associated
deaths were reported to the New York
City Department of Health (unpublished
data). Measles transmission increased in
1991, with more than 4000 suspected mea-
sles cases and 13 measles-associated
deaths reported (New York City Depart-
ment of Health, unpublished data). In
comparison, from 1981 through 1989, a
median of 108 confirmed measles cases
per year (range = 49 to 945) were re-
ported. In 1986, a measles outbreak oc-
curred with 945 cases. The 1990 through
1991 outbreak was the largest reported
measles outbreak in New York City dur-
ing the past decade3; however, the mag-
nitude of the outbreak was difficult to mea-
sure because of suspected underreporting.

Measles is a reportable disease in all
US jurisdictions.4 However, the effi-
ciency of measles reporting in the United
States is not known. Successful reporting
of a measles case depends on a chain of
events that begins with the diagnosis of
measles and ends with a report to the Na-
tional Notifiable Disease Surveillance
System, which is operated by the Centers
for Disease Control in Atlanta, Ga. When
a suspected case is detected by a health
care provider, it should be reported to the
local or state health department. Local or
state health departments then investigate
suspected cases of measles and report
confirmed cases to the National Notifiable
Disease Surveillance System.5

From 1981 through 1988, measles in-
cidence in the United States was relatively
stable, with approximately 3000 cases re-
ported annually. Measles incidence in-

creased dramatically in 1989 and 1990,
however, with 18 193 and 27 786 cases re-
ported, respectively.2,6 During the mid-
1980s, when measles incidence was low,
most outbreaks were school based,3 and
reporting by school authorities or public
health officials could be done easily by
identifying potential measles patients from
absentee records. In contrast, in commu-
nity-based outbreaks involving predomi-
nantly children of preschool age, the most
common type of outbreak that occurred
from 1989 through 1991,1,7-9 there is no
defined population that can be easily ac-
cessed. In this situation, reporting is de-
pendent more heavily on health care pro-
viders.

During the measles outbreak in New
York City, we conducted a retrospective
investigation of measles reporting from 12
city hospitals to the New York City De-
partment of Health to estimate the mag-
nitude of the outbreak, to assess the re-
porting efficiency of measles at the health
care provider level, and to describe re-
porting practices in different hospitals.
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Metwds

Sources ofData

Twelve of the 83 hospitals in New
York City were selected for study. These
12 hospitals (5 public and 7 private) were
located in areas of known high measles
incidence (north Manhattan, the Bronx,
and Brooklyn). Because it was not possi-
ble to study all hospitals, at least 1 large
public hospital and at least 1 private hos-
pital in each geographic areawere selected
for study. In each ofthe 12 hospitals, mea-
sles cases diagnosed in persons less than
19 years of age were ascertained through
review of pediatric emergency room logs;
computerized billing records for inpa-
tients, outpatients, and emergency room

patients; Health and Hospital Corporation
billing records; and infection control rec-

ords, where available. Data on suspected
measles cases in persons less than l9years
old reported to the departnent of health
from these 12 hospitals were obtained
from the department ofhealth surveillance
records. To eliminate the effect of report-
ing delays, this analysiswas limited to per-
sons with measles with an onset of illness
between January 1, 1991, and March 30,
1991,whowere reported to theNew York
City Department of Health between Jan-
uary 1, 1991, and October 19, 1991.

Estimate ofNunber of Cases and
Reporing Efficiency

Capture-recapture methods (de-
scribed by Chandra Sekar and Demingl0)
were used to estimate the total number of
persons with measles who presented to
the 12 study hospitals and to calculate the
efficiency of measles reporting during an

outbreak. Adapted from capture, taggig,
and recapture methods used to estimate
the size ofanimal populations," the Chan-
dra Sekar Deming method compares two
independent surveillance systems (in this
case, the hospital record review system
and the department of health system) that
ascertain events (measles cases) from the
same population. The method assumes

that events have an equal chance of being
recorded in either surveillance system and
is dependent on the ability to accurately
match cases between the two surveillance
systems.12

In this investigation, hospital name,
patient's name, and date of birth or age
were used to match measles cases identi-
fied by review of hospital records to mea-
sles cases reported to the department of
health. Duplicates were excluded by man-
ually checldng alphabetized lists ofpatient

names for each hospital. Because the
number of matched cases for a given hos-
pital might be zero, the estimate of the
total number of cases has a bias toward
infinite.13 To correct for this bias and to
derive a more accurate estimate of the to-
tal number of cases, the modification pro-
posed by Chapman was applied to the
Chandra Sekar Deming methods.14 Meth-
ods derived by Seberl5 were used to cal-
culate 95% confidence intervals around
the Chandra Sekar Deming estimate. The
estimates of the total number of measles
cases provided the basis for calculating
the reporting efficiencies for each hospital
and for all 12 hospitals combined. Report-
ing efficiencywas calculated as the ratio of
the number of measles cases reported to
the department ofhealth by the hospital(s)
(numerator) to the number of measles
cases estimated by the Chandra Sekar
Deming method (denominator).

Definitions
A patient with a case of measles was

defined as a person less than 19 years of
age with a physician's clinical diagnosis of
measles or possible measles with onset of
illness between January 1 and March 30,
1991, who presented to 1 of the 12 study
hospitals for diagnosis and care or who
was reported to the department of health
as a suspected measles case. No attempt
was made toverify the physician's clinical
diagnosis.

A passive surveillance system was
defined as a system in which hospital-
based health care providers were respon-
sible for notifying either the hospital's in-
fection control nurse or the department of
health directly when they diagnosed a pa-
tient with a reportable disease.

A passive surveillance system with
an active componentwas defined as a sys-
tem thatwas primarily passive (as defined
above) but also had an infection control
nursewho reviewed emergencyroom logs
on a regular basis to identify patients with
reportable diseases.

Representativeness ofReported
Measles Cases

To evaluate the representativeness of
persons with measles reported to the de-
partment of health, age distnbution was
compared for the two surveillance sys-
tems. Race and ethnicity data were not
available on a sufficientnumber ofpersons
to allow meaningful comparison.

Mechanisms ofReporting
To collect information on mecha-

nisms for reporting measles cases, a ques-

tionnaire was administered, at each hos-
pital, to the person responsible for
infection control activities (e.g., an infec-
tion control nurse, hospital epidemiolo-
gist, or physician).

Res&lls
Estimates ofNumber of Cases and
Reporting Efficiency

A total of 1160 persons with measles
with onset of illness between Janualy 1
and March 30, 1991, was identified from
the 12 hospitals studied during the inves-
tigation. For the same hospitals and time
period, 664 persons with measles were re-
ported to the department of health. A total
of518 cases ascertained from hospital rec-
ords matched cases reported to the de-
partment of health. Of these, 90%
matched on date ofbirth or age and name,
and 10%o matched on name only because
date of birth or age was not available.

The total number of persons with
measles who were diagnosed at the 12
hospitals between January 1 and March
30, 1991, was estimated, through use of
the Chandra Sekar Deming method, to be
1487 (95% CI = 1442, 1531). The overall
reporting efficiency for the 12 hospitals
was 45%, with a range from 19%o to 83%
(Table 1). Public and private hospitals had
similar reporting efficiencies of 43% and
48%, respectively.
Representativeness ofCases

The age distribution of measles cases
in persons less than 19 years of age ascer-
tained by hospital review was similar to
cases reported from the 12 study hospitals
to the department of health, with the ma-
jority ofpersons less than 2 years old (Fig-
ure 1). Only 8% of all persons with mea-
sles reported from the 12 study hospitals
to the department of health were greater
than 19 years of age.

Mechanirms ofReporing
All 12 hospitals had passive surveil-

lance for measles; 2 also had an active
component in which an infection control
nurse reviewed emergency room logs at
least weekly (Table 1). Both were among
the 3 hospitals with the highest reporting
efficiencies. In most hospitals, an infec-
tion control nurse was responsible for
communicable disease reporting to the de-
partment of health; however, in 3 hospi-
tals, physicians alone reported.

Disusson
During the largest measles outbreak

in New York City in the past decade, the
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reporting efficiency of measles cases
from the 12 study hospitals to the depart-
ment of health was estimated to be only
45%. Since this outbreak was the subject
of substantial publicity, the awareness of
physicians and other medical personnel
should have been high. There are few es-
timates16,17 or studies18-21 of reporting ef-
ficiency for measles in the United States
or other countries. However, it is gener-
ally assumed that reporting efficiency is
better in the postvaccine era than in the
prevaccine era.17,22 A 1980 survey of
state health departments indicated that a
majority (60%) believed that at least 80%
of measles cases are reported.17 Using
methods different from those in our
study, non-hospital-based studies in En-
gland, Wales, and Denmark have esti-
mated reporting efficiencies for measles
ranging from 40% to 60%.18,19 Surveil-
lance systems in the United States, which
are relatively developed and sophisti-
cated, may not be directly comparable to
surveillance systems in other countries.
However, estimates from other countries
provide some comparison for the report-
ing efficiencies calculated for New York
City hospitals during the 1991 measles
epidemic.

It is likely that reporting efficiency
has been higher than 45% in other out-
breaks in the United States, such as those
in schools or institutions. However, no as-
sessment of reporting efficiency has been
conducted in these settings.

Our study was limited by three fac-
tors: (1) the unknown degree of indepen-
dence between the two surveillance sys-

tems, (2) the lack of a community-based
assessment of measles incidence, and (3)
the lack of verification of the diagnosis of
measles or possible measles. The Chandra
Sekar Deming method used to estimate
the total number of measles cases is valid
only when true matches are identified be-
tween two surveillance systems andwhen
the surveillance systems (the hospital

record review system and the department
of health system) are independent.23 The
probability of a case being omitted from

one system should not be related to the
chance of a case being omitted from the
other system. In this study, only two hos-
pitals had infection control nurses review
emergency room logs. These nurses, in
turn, reported cases found in emergency
room logs to the department of health.
Since our investigation involved review-
ing the same emergency room logs re-
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FIGURE 1-Age distribution of measles cases ascertained from hospital record review

and of nmeasls cases reported to New York City Department of Health
(NYCDOH) from study hospItas, January through March 1991.
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viewed by infection control nurses, the
two surveillance systems were not com-
pletely independent for these two hospi-
tals. When these two hospitals were ex-
cluded from the analysis, the estimate of
overall reporting efficiency did not change
substantially, decreasing from 45% to
41%.

Since a community-based assess-
ment ofmeasles caseswas not conducted,
it was not determined how representative
persons with measles presenting to hospi-
tals were of all measles cases in the com-
munity. Since manypoor and racial/ethnic
minority families use emergency rooms as
their primary source of medical care,24
and most ofthe study hospitals serve poor
minority populations, it is reasonable to
assume that the cases identified in this
studywere representative of persons with
measles seeking health care from these
communities.

Because we did not attempt to verify
the diagnosis of measles or possible mea-
sles, it is not known how many cases
would have met the Council of State and
Territorial Epidemiologists standardized
measles case definitions for public health
surveillance.25

The age distribution of persons with
measles ascertained by hospital review
and cases reported to the New York City
Department of Health was similar, sug-
gesting that reported cases of measles
were representative of all persons with
measles presenting to hospitals. Whether
the age distribution of all persons with
measles in the community was similar to
that identified by hospital record review is
not known. If young children, who are
more likely to experience more severe ill-
ness, are also more likely to present to
hospitals, the age distribution of reported
cases from hospitals would differ from all
persons with measles in the community2-6
Furthermore, since persons with milder
illness are less likely to present for medical
care, the actual number ofcases occurring
in the communities surrounding the study
hospitals may have been greater than the
number identified in the hospital record
review.

The reason why 146 cases found in
the department of health records were not
found in the hospital record review is un-
clear. It is possible that (1) our review pro-
cess missed these cases; (2) these cases
were not coded as measles or possible
measles but were reported as measles
based on other criteria, such as a rash ill-
ness; and/or (3)someofthe 146caseswere
reported with erroneous information and
could not be matched.

Reporting practices in the study hos-
pitals appeared to be similar, with the ex-
ception that the two hospitals with the first
and third highest reporting efficiencies had
periodic active review ofemergency room
logs. Active surveillance can be defined as
the periodic solicitation of case reports
from reporting sources, such as physi-
cians.27 Specific active surveillance tech-
niques, such as routine telephone contact
with providers, have been shown to im-
prove reporting.28,2 Within hospitals, in-
fection control nurses have been shown to
be the most important source of disease
reports.28 Based on these findings and the
results ofour investigation, hospital-based
reporting efficiency could be improved by
creating an emergency room log with dis-
charge diagnoses and designating a person
to review the log on a regular basis. Hos-
pital-based surveillance with this active
component could be a relatively easy
method for ascertainingcases and defining
disease trends during community-wide in-
ner-city outbreaks.

Although our data cannot be extrap-
olated directly to all of New York City,
they imply that the magnitude of the mea-
sles outbreak was substantially greater
than suggested by the number of cases
reported to the department of health. It is
likely that measles reporting efficiency
was not optimal during the 1989 through
1991 outbreaks in other large cities in the
United States, such as Los Angeles30 and
Chicago,31 and that the magnitude ofthese
outbreaks was also underestimated.

While outbreak control should take
precedence over counting cases during
large outbreaks, accurate and timely as-
sessment of the magnitude of the problem
is crucial to determine the quantity and
nature of the control measures. Based on
the size of an epidemic, health officials
would be guided to allocate more re-
sources, including measles vaccine, for
control strategies such as lowenng vacci-
nation age, vaccinating in emergency
rooms, mounting education campaigns,
and targeting high risk populations. Con-
sequently, those responsible for reporting
should immediately notify local or state
health departments after identifying a sus-
pected case of measles so that the true
magnitude of the problem can be accu-
rately assessed and timely control mea-
sures can be implemented. [
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