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Introduction
During 1989 and 1990 widespread

outbreaks of measles occurred in the
United States.' Unlike outbreaks in the
United States earlier in the 1980s, which
occurred primarily in heavily vaccinated
adolescent populations,2 recent large out-
breaks of measles in Dallas, Chicago, Los
Angeles, and Milwaukee have occurred
predominantly in unvaccinated pre-
school-aged children.' Of 17 850 patients
with cases of measles occurring during
1989 that were reported to the Centers for
Disease Control, 17.4% had reported
complications (diarrhea, otitis media,
pneumonia, or encephalitis) and 15.8%
were hospitalized; the case-fatality rate
was 2.3 deaths per 1000 reported cases.'

Children's Hospital of Wisconsin is a
pediatric referral hospital in Milwaukee
County, Wisconsin. Between August 1,
1989, and June 26, 1990, a sustained out-
break of measles occurred in Wisconsin.
Of 1419 reported cases, 87% occurred in
residents of Milwaukee County, 59% in
children younger than 5 years, and 24% in
children who had been vaccinated. Twen-
ty-four percent of the patients were hos-
pitalized, and there were six deaths (Wis-
consin Division of Health, unpublished
data). The case-fatality rate was 6/1419, or
4.2 deaths per 1000 cases.

During this outbreak, we were im-
pressed with the large numbers of admis-
sions to the hospital and the apparently
high rate of complications. We questioned
whether the high proportion of hospital-
ized patients reflected a truly high fre-
quency of severe disease or factors other
than disease severity that were important
determinants of hospitalization for mea-

sles. The present evaluation was con-

ducted to assess the determinants of hos-
pital admission for all patients with

measles who were treated at Children's
Hospital of Wisconsin between August 1,
1989, and April 30, 1990.

Materials and Methods

Inpatient and outpatient records of
638 patients with a diagnosis of measles
who were treated at the hospital between
August 1, 1989, and April 30, 1990, were
reviewed. Three patients were excluded
because their records had been miscoded;
thus 635 records were available for com-
plete review.

Data from each medical record were
abstracted by one of the authors onto
coded data sheets. The abstracted infor-
mation included age, race, gender, resi-
dence address, matemal age, receipt of
Aid to Families with Dependent Children,
method of payment (self-pay or insurance
company name), name of primary physi-
cian (if any), presence of underlying dis-
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ease, and parent-reported history of mea-
sles vaccination or measles exposure.
Abstracted data on clinical characteristics
of disease course included presence of the
primary manifestations of measles (fever,
cough, coryza, conjunctivitis, Koplik
spots, and rash), vital signs and neurologic
findings on admission, presence of com-
plications (respiratory, gastrointestinal,
neurologic, and cardiac), and selected as-
pects of therapy, including treatment with
antibiotics, adrenal corticosteroids, intra-
venous fluids, oxygen, and endotracheal
intubation. Laboratory results were ab-
stracted to facilitate assessment of physi-
ologic instability (see below).

To characterize cases, we used the
following clinical case definition: presence
of rash or parent-reported history of rash;
fever, with measured temperature
> 38.3°C, or parent-reported history offe-
ver; and at least one of the following:
cough, coryza, or conjunctivitis. A case
was alternatively defined by a fourfold or
larger rise in measles complement fixation
or hemagglutination antibody titer or de-
tection of measles-specific immunoglob-
ulin (IgM) antibody in the patient's serum.
Serologic testing was performed by the
Virus Section, State Laboratory of Hy-
giene, Madison, Wisc. Total antibody de-
terminations were made on paired serum

samples by the complement fixation test3
andby the hemagglutination inhibition test
performed with African green monkey
erythrocytes.4 After removal of human
immunoglobulin G (IgG) antibodies either
by column chromatography (Quick-Sep
System II, Isolab Inc, Akron, Ohio) or by
elutionwith goat antihuman-IgG antibody
(Gull Laboratory, Salt Lake City, Utah),
all samples were screened for the pres-
ence of measles-specific IgM antibody by
means of indirect fluorescent antibody test
methods previously described.5

Patients were grouped by age into
three categories: c 15 months (the recom-
mended age for the first routine measles
vaccination in the nonepidemic setting),
16 months through 4 years (preschool
age), and 2 5 years (school age).

Hospital admission was considered
appropriate for patients who (1) were im-
munosuppressed because of underlying
disease or therapy; (2) had significant
physiologic instability (defined below); (3)
had objective evidence of dehydration
(defined below); (4) had evidence of a se-
vere complication on presentation to the
hospital (definedby the presence ofcroup,
tracheitis, pneumomediastinum, pneu-
mothorax, myocarditis, pericarditis, or
any neurologic abnormality); or (5) were
treated with oxygen.

The assessment of physiologic insta-
bilitywas based on a score calculated from
the degree of derangement of the 12 vari-
ables listed in Table 1. Our score for phys-
iologic instability was adapted from the
Pediatric Risk of Mortality (PRISM)
score.6 A PRISM score of > 0 is associ-
atedwith an increased risk ofdeath in chil-
dren admitted to an intensive care unit.6
Accordingly, we classified all patients
with a physiologic instability score 2 1 as
appropriate for hospital admission.

Patients were considered to display
objective evidence of dehydration if they
demonstrated any one of the following ab-
normalities: admission serum urea nitro-
gen > 6.5 mmol/L (18 mg/dL), admission
serum sodium < 134 mmol/L or > 145
mmol/L, or initial urine specific gravi-
ty > 1.020.

Comparisons were made between
the group of patients who were admitted
to the hospital and the group of patients
treated as outpatients (in the emergency
room or the acute care walk-in clinic).
These two groups were examined for dif-
ferences in the variables that were consid-
ered possible determinants of hospital ad-
mission, including patient's age, mother's
age, method of payment, primary care

provider, receipt of Aid to Families with
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Dependent Children, and each criterion
considered appropriate for hospital admis-
sion. To determine the statistical signifi-
cance of the differences between these
two groups, the chi-square test was used
for categorical variables and the Wilcoxon
two-sample test was used for continuous
variables. Logistic regressionwas used for
multivariate analysis. The 95% confidence
intervals (Cls) were determined by stan-
dard methods for all proportions and odds
ratios.7 The analysis was conducted with
PC-SAS, version 6.04 (SAS Institute Inc,
Cary, NC).

Results
Descnption ofthe Patient
Population

During the 9-month study interval,
635 patients with a discharge diagnosis of
measles were treated at Children's Hos-
pital of Wisconsin, including 266 inpa-
tients and 369 outpatients. Of the 635 pa-
tients, 559 (88%) met the criteria for the
clinical case definition for measles. An ad-
ditional5 patients had illnesses that did not
meet the clinical case definition for mea-
sles but had diagnoses of measles serolog-
ically confirmed. These 564 patients (252
inpatients and 312 outpatients) constituted
the study sample with measles included in
this analysis. Ofthe 200 patients forwhom
results of serologic testing were available,
181 (91%) had measles serologically con-
firmed and 19 (9%) were seronegative.
Figure 1 shows the number of patients
evaluated by month and the proportion of
those patients admitted to the hospital.

Of the 564 patients, 283 (50%) were
female and 449 (80%) were Black, 65
(11%) were White, 41 (7%)were Hispanic,
and 11 (2%) were of other race/ethnicity.
The mean age of the entire patient popu-
lation was 3.4 years (SD 3.6 years); the
median age was 1.8 years (range, 1 month
to 17 years). Seventy-eight percent of the
patients were < 5 years of age.

Of 378 patients > 15 months of age,
the age at which routine vaccination
against measles is recommended in none-
pidemic settings,8'9 178 (47%) had no re-
ported history of vaccination.

The outbreak occurred primarily in
central city residents; 246 (79%) outpa-
tients and 201 (80%) inpatients resided in
10 central Milwaukee ZIP code areas.
Only 6 (1%) patients lived outside the 27
ZIP code areas of Milwaukee County. By
contrast, in 1989, only 4100 (37%) of all
11 061 inpatients at Children's Hospital of
Milwaukee resided in the area defined by

these 10 downtown ZIP codes, and 3478
(31%) resided outside Milwaukee County.

The outbreak occurred in a popula-
tion that included many children from
families receivingAid to Familieswith De-
pendent Children; 211 (68%) outpatients
and 191 (76%) inpatients were members of
families receiving aid, whereas 45% of all
inpatients at the hospital in 1989 were

members of families receiving aid.
There were 305 (54%) patients con-

sidered to have illness appropriate for hos-

pital admission according to the defined
criteria. The specific criteria supporting
these determinations for the inpatient and

outpatient groups are presented in Table
2. The distribution of specific complica-
tions in 40 patients with severe complica-
tions was as follows: croup, 20; tracheitis,
5; pneumomediastinum, 1; pneumotho-
rax, 2; myocarditis, 0; pericarditis, 0; and
neurologic abnormality, 14. These num-

bers include only complications present at

the time of the outpatient visit.
There were 5 (0.9%) deaths among

the 564 patients treated at the hospital.
Two deaths occurred in immunosup-
pressed patients > 10 years old from out-

side Milwaukee County who had previ-
ously been immunized against measles,
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uation, Children's Hospital of Wisconsin, August 1989 to April 1990.
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and three occurred in previously healthy
Milwaukee County residents < 24
months of age who had not been appro-
priately immunized against measles.

Deterninants ofHospitalAdmission
Age of the patients was an important

determinant of hospital admission. The
median age of the inpatients was 1.5 years
(range 1 month to 17 years), whereas the
median age of the outpatients was 2.1
years (range, 2 months to 17 years;
P = .008, Wilcoxon two-sample test).
School-aged children were least likely to
be hospitalized during all periods of the
outbreak (Table 3). Moreover, the propor-
tion of all patients who were of school age
decreased as the outbreak progressed.
During the first 3 months, 33% of the pa-
tients were > 5 years old, compared with
22% during the second 3 months and 16%
during the final 3 months (trend x2 = 3.4,
P = .06). The proportion of school-aged
patientswhowere admitted to the hospital
declined more steeply with time. During
the first 3 months of the outbreak, 63% of
all school-aged patients were admitted to
the hospital; in the second 3 months, 35%
were admitted; and in the last 3 months,
19% were admitted (trend x2 = 7.1,
P = .008; Table 3).

The number of patients evaluated in
each month of the study period is shown
in Figure 1. During the first 3 months ofthe
study period, 32 (67%) of 48 patients were
admitted, compared with 58 (44%) of 132
patients during the final 3 months
(X2 = 10.4, P = .006).

Severity of illness was strongly asso-
ciated with hospitalization. The occur-

rence of physiologic instability (as defined
in Materials and Methods) was signifi-
cantly greater in inpatients than in outpa-
tients (Table 2). Inpatients were more
likely than outpatients to be dehydrated or
to have a severe complication at the time
of initial evaluation (Table 2). Patients
who did not satisfy the criteria for hospi-
talization were said to be inappropriately
hospitalized; by this definition, 59 (23%) of
252 hospitalized patients were inappropri-
ately hospitalized (Table 2).

Inappropriate hospitalization was as-
sociated both with age and with date of
evaluation. School-aged children were
least likely to be inappropriately hospital-
ized; 32 (17%) of 186 patients < 15 months
ofagewere inappropriately admitted, com-
pared with 14 (5%) of 256 patients aged
from 16 months through 4years and 5 (4%)
of 122 patients > 5 years of age (trend
X2= 14.7, P = .0001) (Table 3). Earlier in
the outbreak a larger proportion of patients
were inappropriately admitted to the hos-
pital. During the first 3 months of the study
period 10 (50o) of 20 patients with illness
not meeting our criteria for appropriate
hospitalization were admitted, compared
with 35 (20%) of 179 patients during the
second 3 months and 14 (23%) of 60 pa-
tients during the final 3 months (X2 = 9.5,
P = .009). Examination of admission rates
stratified by age and time of evaluation
demonstrates that in allperiods ofthe study
interval children younger than 15 months
of age were more likely to be inappropri-
ately admitted than were children in older
age groups (Table 3).

Patients with health insurance were
more likely to be admitted to the hospital

than were those without it. Of all patients,
519 (92%) were reported to have health
insurance. Only 4% of the inpatients
lacked health insurance, whereas 12% of
outpatients were uninsured (X2 = 12.1,
P = .001). A higher percentage of unin-
sured patients were treated as outpatients
even when appropriateness of admission
was controlled for: in the group of 305
patients for whom admission was consid-
ered appropriate by our criteria, 4% of the
inpatients and 14% of the outpatients had
no health insurance (X2 = 11.5, P = .001).
Maternal age, receipt of Aid to Families
with Dependent Children, identification of
a defined primary care physician, and his-
tory of previous immunization against
measles were not significantly associated
with hospitalization.

To more fully understand the deter-
minants of hospital admission, we per-
formed forward selection logistic regres-
sion analysis, using factors associated
with hospital admission in the univariate
analysis as well as race, gender, maternal
age, receipt of Aid to Families with De-
pendent Children, identification of a de-
fined primary care physician, and history
of immunization. Regression coefficients,
odds ratios, and 95% confidence intervals
for the variables in one model are pre-
sented in Table 4. For the variables in this
model, x2 = 217.9 (-2 times the log like-
lihood method), df = 12, P = .0001. Pa-
tientswhowere immunosuppressed, were
dehydrated, had a severe complication, or

required oxygen therapy (see Table 2)
were more likely to be hospitalized than
were patients who did not meet any of
these criteria (OR = 16.6,95% CI = 10.0,
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27.8). Physiologic instabilitywas indepen-
dently associated with hospitalization
even when the other criteria for appropri-
ate admission were controlled for
(OR = 2.0, 95% CI = 1.3, 3.1). Pa-
tients < 15 months old and those aged 16
months through 4 years were more likely
than school-aged children to be hospital-
ized for any degree of disease severity
(ORs = 3.6 and 2.0, respectively). Pa-
tients evaluated during the first 3 months
of the outbreak were more likely than
those evaluated later to be hospitalized
(OR = 2.9, 95% CI = 1.3, 6.1), indepen-
dent of age, presence of complications, or
physiologic instability. Patients evaluated
during the month of December 1989 were
much less likely to be admitted to the hos-
pital than were patients evaluated during
April 1990 (OR = 0.49, 95% CI = 0.30,
0.79).

Forward selection logistic regression
was also used to characterize determi-
nants of inappropriate hospital admission,
starting with the same variables used for
the analysis of determinants of hospital-
ization. The only variables significantly
associated with inappropriate hospitaliza-
tion were age c 15 months (OR = 2.7,
95% CI = 1.5, 4.6) and evaluation in the
first 3 months of the outbreak (OR = 2.4,
95% CI = 1.1, 5.3).

Disussion
Ofthe 564 patients with measles eval-

uated at the hospital between August 1989
and April 1990, 45% were ultimately ad-
mitted to the hospital. Most of these
patients had severe disease requiring
inhospital therapy and were admitted ap-
propriately. The major determinants of
hospital admission were presence ofcom-
plications or physiologic instability, date
ofevaluation, and age. To our knowledge,
this is the first report evaluating determi-
nants of measles-related hospital admis-
sion.

The Centers for Disease Control clin-
ical case definition of measles is an illness
with a generalized maculopapular rash
for 2 3 days; fever, with tempera-
ture . 38.3°C; and at least one of the fol-
lowing: cough, coryza, or conjunctivitis.10
We modified this definition for this retro-
spective review. Although it is possible
that some patients in this study did not
have measles, 91% of the patients who
were tested had serologic confirmation of
measles.

Hospitalization was more likely early
in the outbreak than later, evenwhen age,
severity of illness, and presence of com-

plications were controlled for in a logistic
regression model. Furthermore, the pro-
portion of inappropriate admissions de-
clined over the course of the outbreak.
Physicians who have not recently man-
aged patients with measles may not rec-
ognize the infection, even in children with
febrile rash illness."1 As physicians be-
came reacquainted with the clinical spec-
trum of measles, they may have become
more comfortable with outpatient man-
agement of affected patients.

Other factors besides severity of ill-
ness and physician experience may have
partially accounted for the varying admis-
sion rate during the outbreak. On occa-
sion, patients with measles had to be
directed to other local hospitals for admis-
sion. The likelihood of hospitalization for
measles was lowest in December, the
month during which the largest number of
patients were treated. It is possible that
this lower likelihood of admission was re-
lated to the limited availability of isolation
beds in the hospital during this period of
peak activity.

To categorize the appropriateness of
a patient's admission to the hospital, we
developed a classification system to ret-
rospectively identify justifiable admis-
sions. To avoid the possibility that more
complications were diagnosed among in-
patients because of the longer period of
observation available after hospital admis-
sion, we used only data available on the
outpatient record to make the determina-
tion of a severe complication. Treatment
with oxygen rather than the diagnosis of
pneumonia was used in the criteria for ap-
propriate admission because more than

half of children with measles may have
infiltrates detected by chest x-ray.12
Therefore, only patients with sufficient
respiratory distress to require oxygen
therapy were classified as appropriate for
admission. Because oxygen therapy was
available to each patient at the time of ini-
tial outpatient evaluation, this criterion for
appropriateness of hospitalization applied
equally to inpatients and outpatients with
measles.

To assess physiologic instability, we
used variables and weights adapted from
the PRISM score, which has been used to
predict the risk of death for children in
pediatric intensive care units.6 The
PRISM score ranks the degree of physio-
logic derangement present in 14 variables,
including vital signs, neurologic abnor-
malities, and laboratory results. Missing
values are assumed to be normal. This as-
sumption could potentially lead to falsely
low estimates of physiologic instability in
outpatients, who may have had fewer lab-
oratory tests than inpatients. However,
the effects of this potential bias are mini-
mal because any PRISM score > 0 in-
creases the calculated probability of
death6 and we used a physiologic instabil-
ity score . 1 to define illness sufficiently
severe to justify hospitalization. More-
over, because our analysis was restricted
to data collected in the outpatient setting,
the chance for systematic misclassifica-
tion of severity of illness is very low.

We examined the relationship of a

number ofvariables to hospital admission
status. Patientswith illness appropriate for
admission but who lacked medical insur-
ance were more likely to be treated as out-
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patients. It is possible that this tendency
results from increased scrutiny for insur-
ance coverage that may have occurred
when patients were being evaluated for
hospital admission.

The increase in the proportion ofpre-
school-aged patients evaluated at the hos-
pital during the course of the outbreak
may represent the "classic" form of a
measles outbreak, inwhich the disease ini-
tially appears in older school-aged chil-
dren who then expose their younger sib-
lings at home.13 A similar trend was
observed among 1133 reported patients
with measles who resided in Milwaukee
County and had rash onsets during the
study period: 51% were younger than 5
years during the first 3 months, compared
with 59% during the second 3 months and
63% during the final 3 months (trend
X2 = 4.9,P = .03) (Wisconsin Division of
Health, unpublished data).

We have shown that most patients
hospitalized at a children's hospital for
management of measles during this out-
breakwere appropriately hospitalized. Al-
though most admissions to the hospital
were based on the presence of severe dis-

ease or complications of measles, the
trend to treat more patients as outpatients
later in the epidemic may reflect increased
experience with the diagnosis and man-
agement of measles by hospital staff. O

Acknowledgments
This paper was presented in part at the 30th
Interscience Conference on Antimicrobial
Agents and Chemotherapy, Atlanta, Ga, Octo-
ber 23, 1990.

We thank Dawn Schlechta for general as-
sistance with this project and Linda Quindt for
assistance in data management.

References
1. Centers for Disease Control. Measles-

United States, 1989 and first20weeks 1990.
MMWR 1990;39:353-355, 361-363.

2. Markowitz LE, Preblud SR, Orenstein
WA, et al. Patterns of transmission in mea-
sles outbreaks in the United States, 1985-
1986. NEngIJMeiL 1989;320:75-81.

3. Standanlized Diagnostic Fication Method
toMicro Test. Isted. Washington, DC: US
Department of Health, Education, and
Welfare; 1969.

4. Gershon AA, Krugman S. Measles virus.
In: Lennette EH, Schmidt NJ, eds. Diag-
nostic Prcedires for Vlral Rickettsia4
and Chiamydial Infections. 5th ed. New
York, NY: American Public Health Asso-

ciation; 1979:665-693.
5. Edmonson MB, Addiss DG, McPherson

JT, BergJL, Circo SR, Davis JP. Mild mea-
sles and secondaryvaccine failure during a
sustained outbreak in a highly vaccinated
population. JAM4. 1990;263:2467-2471.

6. Pollack MM, Ruttimann UE, Getson PR.
Pediatric risk of mortality (PRISM) score.
CHi Care Med. 1988;16:1110-1116.

7. Fleiss JL. Statistical Tests for Rates and
Proportions. 2nd ed. New York, NY: John
Wiley & Sons Inc; 1981:14, 71-75.

8. Reportofthe Committee on Infectious Dis-
eases. 21st ed. Elk Grove Village, Ill:
American Academy of Pediatrics; 1988:
277-289.

9. Centers for Disease Control. Measles pre-
vention: recommendations of the Immuni-
zation Practices Advisory Committee
(ACIP). MMWR 1989;38(S-9):7.

10. Centers for Disease Control. Classification
ofmeasles cases and categorization ofmea-
sles elimination programs. MMWR 1983;
31:707-711.

11. Bennish M, Arnow PM, Beem MO,
Doveikis S. Epidemic measles in Chicago
in 1983: sustained transmission in the pre-
school population. Am J Dis Child 1986;
140:341-344.

12. Kohn JL, Koiransky H. Successive roent-
genograms of the chest of children during
measles.AmJDis ChikL 1929;38:258-270.

13. Babbott FL Jr, Gordon JE. Modern mea-
sles.AmJMed ScL 1954;228:334-361.

384 American Journal of Public Health March 1993, Vol. 83, No. 3


