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A

 

BSTRACT

 

Background

 

Despite high annual rates of influen-
za in children, influenza vaccines are given to chil-
dren infrequently. We measured the disease burden
of influenza in a large cohort of healthy children in
the Tennessee Medicaid program who were younger
than 15 years of age.

 

Methods

 

We determined the rates of hospitaliza-
tion for acute cardiopulmonary conditions, outpa-
tient visits, and courses of antibiotics over a period
of 19 consecutive years. Using the differences in the
rates of these events when influenzavirus was circu-
lating and the rates from November through April
when there was no influenza in the community, we
calculated morbidity attributable to influenza. There
was a total of 2,035,143 person-years of observation.

 

Results

 

During periods when influenzavirus was
circulating, the average number of hospitalizations
for cardiopulmonary conditions in excess of the ex-
pected number was 104 per 10,000 children per year
for children younger than 6 months of age, 50 per
10,000 per year for those 6 months to less than 12
months, 19 per 10,000 per year for those 1 year to less
than 3 years, 9 per 10,000 per year for those 3 years
to less than 5 years, and 4 per 10,000 per year for
those 5 years to less than 15 years. For every 100 chil-
dren, an annual average of 6 to 15 outpatient visits
and 3 to 9 courses of antibiotics were attributable to
influenza. In winter, 10 to 30 percent of the excess
number of courses of antibiotics occurred during pe-
riods when influenzavirus was circulating.

 

Conclusions

 

Healthy children younger than one
year of age are hospitalized for illness attributable to
influenza at rates similar to those for adults at high
risk for influenza. The rate of hospitalization decreas-
es markedly with age. Influenza accounts for a sub-
stantial number of outpatient visits and courses of
antibiotics in children of all ages. (N Engl J Med 2000;
342:225-31.)
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CUTE respiratory disease is the most com-
mon reason for outpatient visits and hospi-
talizations among children in the United
States.

 

1

 

 The majority of these illnesses are
precipitated by viral infection. Influenza is a common
disease of childhood; during epidemics, the rates of at-
tack may exceed 40 percent in preschool children and
30 percent in school-age children.

 

2-8

 

 Furthermore,
children have an important role in the spread of influ-
enza, because school-age children are the main chan-
nel through which influenza is introduced into house-
holds.

 

3,6,7

 

Influenza vaccines are given infrequently to healthy
children despite the high rates of attack in children and
despite the important role of children in the transmis-
sion of viruses. One obstacle to the use of vaccines
is the perception that influenza is a benign disease in
children. Data on mortality, commonly used to esti-
mate the effect of influenza in adults, are insensitive
indicators of the effect of influenza in children.

 

9-11

 

Furthermore, the contribution of other respiratory vi-
ruses, such as respiratory syncytial virus, to morbid-
ity from acute cardiopulmonary conditions is greater
in children than adults.

 

12,13

 

 Despite these difficulties,
population-based studies of influenza epidemics have
reported higher than expected, or excess, numbers of
hospitalizations for acute respiratory disease

 

12,14

 

 and
outpatient visits among children.

 

15

 

The evidence that an investigational, intranasal, live
attenuated influenzavirus vaccine is safe, well toler-
ated, and effective in healthy children increases the at-
tractiveness of expanding the coverage of influenza
vaccines to include all children.

 

16,17

 

 Whether such a
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change in policy is made depends on the degree to
which the vaccine is expected to reduce the severe and
costly outcomes of the disease and to be cost effective.
We undertook a study to evaluate the effect of influ-
enza on children by assessing a wide spectrum of ill-
nesses in a large cohort of healthy children over sev-
eral influenza seasons.

 

METHODS

 

Study Design

 

We performed a retrospective cohort study of healthy children
younger than 15 years of age to determine the rates of hospital-
ization for acute cardiopulmonary conditions, outpatient visits, and
courses of antibiotics over a period of 19 consecutive years. To
calculate morbidity attributable to influenza, we used annual dif-
ferences between the rates of these events when influenzavirus was
circulating and the rates of these events during winter months
when there was no influenza in the community.

 

Sources of Data and Definitions of Seasons

 

Tennessee Medicaid files for 1973 through 1993 included dates
of enrollment in Medicaid, demographic characteristics, and med-
ical services reimbursed by Medicaid, including dates of medical
service received in the hospital or on an outpatient basis, associ-
ated diagnoses and procedures, and detailed information on pre-
scriptions filled. We linked Medicaid files to birth certificates, from
which we determined the date of birth and maternal characteris-
tics, and to death certificates, which included the date of death and
coded underlying cause of death.

 

18,19

 

We defined the influenza season as the period in each year of the
study from November 1 through April 30 that included the dates
of the first and last isolation of influenzavirus in middle Tennessee
as determined by surveillance in a Vanderbilt University–based
pediatric population.

 

13

 

 These seasons showed reasonable concord-
ance with the timing of excess numbers of deaths from pneumonia
and influenza that were estimated for 11 cities in Tennessee and
surrounding states that participate in the Centers for Disease Con-
trol and Prevention 121 City Surveillance System.

 

20

 

 We defined
the peri-influenza season as the period each year from November
1 through April 30 in which there was no influenza activity; the
rates from this period served as the base-line values for the analyses.
Two of the 19 years studied (1978–1979 and 1979–1980) were
determined to have had no influenza season, because of low influ-
enza activity (fewer than five viral isolates), so that all winter months
constituted the peri-influenza season.

The peak season for the respiratory syncytial virus was defined as
the period from the identification on or after November 1 of the
first of two consecutive isolates of respiratory syncytial virus (iden-
tified within 30 days of each other) until the identification before
or on April 30 of the last of two consecutive isolates. We defined
the summer season as the period each year from May 1 through
October 31.

 

Study Population

 

The study included children younger than 15 years of age who
were enrolled in Tennessee Medicaid at birth or for at least one
year. Since the number of children who were not white or black was
small, we excluded these children. Children entered the study on
the first day after June 30, 1974, on which they met criteria for en-
rollment and were followed until the development of a high-risk
condition, loss of coverage by Medicaid, 15 years of age, death,
or June 30, 1993.

Because our study was designed to evaluate healthy children,
we used information from computerized Medicaid files and birth-
certificate records to identify and exclude children at high risk for
influenza-related complications. Children were determined to be
at high risk if they were institutionalized or disabled, weighed less
than 2500 g at birth and were younger than one year (these chil-

dren could be included after one year of age if they had no other
high-risk condition), or had been given a diagnosis or prescrip-
tion medication that indicated a high-risk condition in the year be-
fore entry into the study. High-risk conditions were considered to
be congenital heart disease and other selected cardiac conditions,
bronchopulmonary dysplasia, hospitalization for respiratory con-
ditions, asthma, cystic fibrosis, sickle cell disease, diabetes mellitus,
infection with the human immunodeficiency virus, cancer, chronic
use of oral corticosteroids, and chronic renal disease. The remain-
ing children were considered to be at low risk for influenza-related
complications and were the focus of our analysis.

We ascertained the following characteristics of the children in our
study: age group (younger than 6 months, 6 months to less than
12 months, 1 year to less than 3 years, 3 years to less than 5 years,
and 5 years to less than 15 years), sex, residence (urban [four larg-
est cities in Tennessee], other standard metropolitan statistical area,
or rural), and race (black or white). The number of living siblings
was obtained from the birth certificates of children younger than
three years of age. This variable was not included for older children.

 

Study Outcomes

 

Study outcomes were hospitalization for or death from pneumo-
nia, influenza, acute respiratory conditions other than pneumonia
or influenza, nonacute respiratory conditions other than pneumo-
nia or influenza, and heart failure or myocarditis. Secondary out-
comes were the total number of outpatient visits and the number
of antibiotic prescriptions filled.

 

Statistical Analysis

 

Crude rates of hospitalization were calculated by dividing the
number of hospitalizations for acute cardiopulmonary conditions
during influenza seasons by the age-specific person-years during
influenza seasons; these rates were expressed per 10,000 person-
years. Rates were similarly calculated for the peri-influenza season,
the summer season, and all seasons combined. Differences between
these crude rates during influenza and peri-influenza seasons were
calculated as measures of risk attributable to influenza.

Standardized versions of these differences between rates, which
account for variation in hospitalization rates between years and be-
tween other strata, were calculated with the use of strata based on
age group, study year, race, and residence as well as strata-specific
differences in rates. The standardized rate of hospitalizations attrib-
utable to influenza was defined as the weighted average of the strata-
specific differences in rate, with use of the corresponding strata-spe-
cific person-years in all seasons combined as the weights.

The excess number of hospitalizations per 10,000 persons per
year was estimated separately in all strata by multiplying the strata-
specific differences in rate by the proportion of days of the corre-
sponding study years accounted for by the respective influenza
season. Standardized estimates were calculated with a weighted
average of strata-specific values, as was done for the standardized
differences in rate. The two years in which there was no influenza
season were included in all calculations. We elected to include as
stratifying variables study year, race, residence, and age group. The
inclusion of the other variables resulted in no change of more than
0.5 in any age-specific estimate of annual excess numbers of hos-
pitalizations, and they were therefore excluded. Confidence inter-
vals were calculated as previously described.

 

21

 

To estimate the overall excess rate of hospitalizations in winter
as compared with summer, the excess rate of hospitalizations in win-
ter that were not associated with influenza was added to the excess
rate of hospitalizations attributable to influenza and then stand-
ardized as described above, with use of a zero weight when no ex-
cess rate of hospitalizations in winter was observed. Excess rates
of hospitalizations in winter that were attributable to factors other
than influenza (e.g., other respiratory viruses) were estimated with
use of strata-specific differences in rate between peri-influenza sea-
sons and summer seasons. The proportion of the overall rate of
excess hospitalizations in winter attributable to influenza was cal-
culated for each age group. Rates, differences in rate, excess rates
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of events, and proportions of excess rates of hospitalizations in win-
ter attributable to influenza were calculated similarly for outpatient
visits and courses of antibiotics.

We performed another analysis to assess the effect of respira-
tory syncytial virus seasons on our results. We calculated crude
and standardized differences in rates by subtracting rates of hospi-
talizations, outpatient visits, and courses of antibiotics during peri-
influenza seasons from rates during influenza seasons, exclud-
ing all person-time and events during respiratory syncytial virus
seasons.

 

RESULTS

 

Children at low risk for influenza-related com-
plications accounted for 91 percent of all children
younger than 15 years of age who were enrolled in
the Tennessee Medicaid program, and they contrib-
uted 2,035,143 person-years during the 19 years of
the study. By definition, 50 percent of person-time
occurred during summer seasons; 19 percent occurred
during influenza seasons, and 31 percent during peri-
influenza seasons. The mean duration of the influen-
za season was 63 days (range, 0 to 119), and the mean
duration of the peak season for respiratory syncytial
virus was 68 days (range, 6 to 125). The peak season
for respiratory syncytial virus overlapped the influen-
za season an average of 27 days per year (range, 0 to
83) and occurred with a similar frequency during the
influenza and peri-influenza seasons.

The demographic characteristics of the children in
the study reflected those of children in the Medicaid
population; 51 percent were male, and 60 percent
were black. The age distribution was as follows: 6 per-
cent were younger than 6 months, 4 percent were
6 months to less than 12 months, 16 percent were
1 year to less than 3 years, 15 percent were 3 years
to less than 5 years, and 59 percent were 5 years to
less than 15 years. There were changes in the demo-
graphics of the study population over the 19 years of

study due to changes in Medicaid eligibility require-
ments. The total enrollment for children younger
than 15 years decreased slightly over the first nine
years of the study and then increased steadily, with a
more marked increase in younger children. The last
seven years of the study constituted 50 percent of the
total person-years, ranging from 46 percent of total
person-years in those 5 years to less than 15 years of
age to 64 percent of total person-years in those young-
er than 6 months of age. In addition, the percentage
of the population made up of blacks decreased from
69 percent in the first year to 47 percent in the last.

We identified 46,690 hospitalizations for acute
cardiopulmonary conditions during the entire study
period, 28 percent of which occurred during an in-
fluenza season. For all age groups, the rates of hos-
pitalization were higher during the influenza season
than during the peri-influenza season (Table 1). In
all seasons, the rates of hospitalization were highest for
children younger than six months of age, and rates
decreased with increasing age. Using the rate of hos-
pitalization during the peri-influenza season as the
base-line rate of hospitalization in winter, we calculat-
ed the rate of hospitalization attributable to influenza
by subtracting the hospitalization rate during the peri-
influenza season from the hospitalization rate during
the influenza season. After adjustment for the dura-
tion of each influenza season, these rates translated
into average excess numbers of hospitalizations for
acute cardiopulmonary conditions that ranged from
4 to 104 per 10,000 children annually. Another analy-
sis, in which all person-time and events during res-
piratory syncytial virus seasons were excluded, yielded
similar results (Table 2).

We identified 154 deaths from selected acute car-
diopulmonary conditions during the 19 years of the

 

*Values are differences in rates between the influenza season and the peri-influenza season (the base-line values).

†Values are weighted averages of annual excess hospitalizations for a population of 10,000 persons within the specified age group. The
excess hospitalizations were calculated for each stratum by multiplying the stratum-specific difference in hospitalization rate by the proportion
of the study year covered by the influenza season. CI denotes confidence interval.

‡The weighted average differences in rate between the influenza season and the peri-influenza season were calculated with stratum-specific
person-years in all seasons as weights; strata were defined by age group, study year, race, and residence.
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INFLUENZA

SEASON

PERI

 

-

 

INFLUENZA

SEASON SUMMER TOTAL CRUDE STANDARDIZED

 

‡

<6 mo 117,205 1964 1497 608 1146 467 449 103.8 (89.0–118.6)

6 to <12 mo 82,997 1117 854 403 675 263 233 49.6 (35.3–63.8)

1 to <3 yr 324,900 464 387 233 325 77 79 18.6 (14.2–23.0)

3 to <5 yr 302,344 232 193 138 173 39 43 8.6 (4.9–12.3)

5 to <15 yr 1,207,697 120 105 86 98 15 22 4.1 (2.8–5.5)
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study; 87 deaths (56 percent) occurred among chil-
dren younger than one year of age. For all ages com-
bined and for all years, the excess number of deaths
from cardiopulmonary conditions was 0.077 per
10,000 children (95 percent confidence interval, 0.001
to 0.154).

Trends for secondary outcomes were similar to
those for hospitalizations for acute cardiopulmonary
conditions (Fig. 1). The frequencies of both outpa-
tient visits and courses of antibiotics were higher dur-
ing the influenza season than the peri-influenza sea-
son for all age groups. The number of outpatient
visits attributable to influenza-associated illness was
highest in children 6 months to less than 12 months
of age and ranged from 6 to 15 per 100 children. The
number of courses of antibiotics attributable to in-
fluenza-associated illness ranged from 3 to 9 per 100
children. An analysis in which respiratory syncytial vi-
rus seasons were excluded yielded similar results (data
not shown).

For children younger than three years of age, the
rates of all outcomes were consistently higher in win-
ter than in summer. Among children younger than
6 months, 6 months to less than 12 months of age,
and 1 year to less than 3 years of age, influenza ac-
counted for 19 percent, 18 percent, and 20 percent of
the excess number of hospitalizations in winter, re-
spectively; 24 percent, 23 percent, and 35 percent of
the excess number of outpatient visits in winter; and
10 percent, 14 percent, and 20 percent of the excess
number of courses of antibiotics in winter. Among
older children, there was more variation in the rates
of hospitalization and outpatient visits, with no con-
sistent excess in winter. However, the number of anti-
biotic prescriptions filled for older children was con-
sistently higher in winter than in summer. The courses
of antibiotics attributable to influenza-associated ill-

ness accounted for 26 percent and 30 percent of the
excess number of courses of antibiotics prescribed for
children 3 years to less than 5 years of age and 5 years
to less than 15 years of age, respectively, in winter.

 

DISCUSSION

 

In this large, retrospective cohort study, we found
that among healthy children younger than 15 years
of age, there were excess numbers of hospitalizations
for acute cardiopulmonary conditions, excess num-
bers of outpatient visits, and excess numbers of anti-
biotic prescriptions filled during the periods when
influenzavirus was circulating in the community be-
tween 1974 and 1993. These outcomes were observed
among children of all ages. Deaths were rare in these
healthy children, and most deaths occurred in those
younger than one year of age. The estimate of the ex-
cess number of deaths due to influenza was 8 per mil-
lion children younger than 15 years of age (95 percent
confidence interval, 0.1 to 15 per million).

Excess rates of hospitalization for acute cardio-
pulmonary conditions during influenza season were
most frequent in children younger than one year of
age and were less frequent with increasing age. Al-
though these results, from a group of children en-
rolled in Medicaid, may not be generalizable to other
populations, two prior studies of excess rates of hos-
pitalization in different populations yielded similar es-
timates. In Houston, estimated rates of hospitalization
attributable to influenza ranged from 51 to 160 per
10,000 children younger than 1 year of age, 26 to 45
per 10,000 children 1 to 4 years of age, and 3 to 7 per
10,000 children 5 to 19 years of age.

 

12

 

 In a large pre-
paid group practice, the excess rates of hospitalization
of low-risk children during two influenza seasons were
10 per 10,000 children younger than 4 years of age
and 2 per 10,000 children 5 to 14 years of age.

 

14

 

*Values are differences in rates between the influenza season and the peri-influenza season (the
base-line values).

†The weighted average differences in rate between the influenza season and the peri-influenza season
were calculated with stratum-specific person-years in all seasons as weights; strata were defined by age
group, study year, race, and residence.
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NO. OF INFLUENZA-
ATTRIBUTABLE HOSPITALIZATIONS

PER 10,000 PERSON-YEARS*

INFLUENZA

SEASON

PERI-INFLUENZA

SEASON CRUDE STANDARDIZED†

<6 mo 68,959 1779 1207 572 538

6 to <12 mo 48,651 1023 730 293 227

1 to <3 yr 197,334 441 336 105 101

3 to <5 yr 184,860 247 194 53 55

5 to <15 yr 759,063 127 112 15 25
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These findings argue for the designation of children
younger than one year of age as being at high risk for
influenza. The excess rate of hospitalization in this age
group is similar to rates in adults for whom an influ-
enzavirus vaccine is recommended.12,22-24 An inacti-
vated influenzavirus vaccine is poorly immunogenic
in children younger than six months of age and is not
approved for children in this age group. Likewise, in-
vestigational, monovalent live attenuated influenzavi-
rus vaccines were well tolerated but not consistently
immunogenic in small numbers of children younger
than six months of age.25,26 Until better vaccines are
available, stronger recommendations should be con-
sidered for immunizing family members of children
younger than one year of age. Further research is
needed to determine whether broadening the cover-
age of the influenzavirus vaccine to include pregnant
women will provide protection to the infant through
the transfer of maternal antibody.27,28

Our results indicate that the effect of influenza on

children may be underestimated when only inpatient
morbidity is assessed. Children of all ages were more
likely to receive outpatient medical care and receive
antibiotic prescriptions during an influenza season
than at other times during the winter when influen-
zavirus was not circulating in the community. Excess
numbers of outpatient visits ranged from 6 to 15 per
100 children. We evaluated excess numbers of anti-
biotic prescriptions as a more specific indicator of out-
patient infections; these ranged from 3 to 9 per 100
children. Our data suggest that influenza accounts for
up to 35 percent of the excess number of outpatient
visits in winter in children younger than 3 years of age
and 10 to 30 percent of the excess use of antibiotics
in winter in children younger than 15 years of age.

Increased use of an influenzavirus vaccine in healthy
children could reduce the number of outpatient vis-
its and the use of antibiotics during winter months.
Randomized, controlled trials have demonstrated that
both inactivated and cold-adapted influenzavirus vac-
cines prevent influenza-like illness in children.16,17 In
two randomized, placebo-controlled studies, children
younger than three years of age who received inacti-
vated influenzavirus vaccine had a 31 to 36 percent
lower incidence of acute otitis media during subse-
quent influenza A epidemics than children who were
not vaccinated.29,30 A cold-adapted, trivalent intrana-

Figure 1. Rates of Outpatient Visits and Courses of Antibiotics
Attributable to the Treatment of Influenza, According to Age,
during the Influenza and Peri-Influenza Seasons.
Panel A shows the average total age-specific numbers of out-
patient visits per 100 person-years. Panel B shows the average
total age-specific numbers of courses of antibiotics prescribed
per 100 person-years. Panel C shows the average excess age-
specific numbers of outpatient visits and courses of antibiotics
per 100 children per year.
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sal influenzavirus vaccine reduced the incidence of fe-
brile otitis media by 30 percent and the incidence of
any febrile illness with concomitant use of antibiotics
by 29 percent in children 15 to 71 months old.17

The main strengths of our study were the large
number of children in a well-defined population, the
use of more than one outcome, and the length of the
study period. Previously published prospective stud-
ies, which used active virologic surveillance to define
influenza-associated outcomes, involved small num-
bers of children over a limited number of influenza
seasons or were hospital-based. Morbidity from influ-
enza varies markedly from season to season,9,12,22,31

and the severity of any given season cannot be pre-
dicted in advance. Thus, recommendations regarding
influenza immunization should consider morbidity
over a period of several years.

A potential confounding factor in this observa-
tional study is the contribution of other respiratory
viruses, particularly respiratory syncytial virus, to the
morbidity among the children in our cohort. The
effect of respiratory syncytial virus is most problem-
atic in younger children, in whom it is thought to
cause the greatest morbidity.13,32-35

Three lines of evidence suggest that respiratory syn-
cytial virus was not a serious confounder. First, the
analysis in which respiratory syncytial virus seasons
were excluded yielded similar results. Second, influ-
enza accounted for 20 percent of the excess number
of hospitalizations in winter in the children less than
three years old, which is consistent with the finding
that respiratory syncytial virus, not influenza, is the
most frequent cause of lower respiratory tract disease
that leads to hospitalization in infants and young chil-
dren.13,32-35 Third, our estimates are corroborated
by the findings of a 20-year hospital-based study in
which 10 to 36 percent of children younger than six
years of age who were hospitalized with respiratory
illness during the peak month of influenza season had
laboratory-confirmed influenzavirus infection.31 Oth-
er respiratory viruses that cause morbidity in young
children, such as parainfluenza viruses, may be less
likely to occur when influenzavirus is circulating in
the community.32,36 If these viruses contribute to mor-
bidity during the peri-influenza season, our analysis
may have underestimated the effect of influenza.

The cost, inconvenience, and safety of yearly im-
munization must be considered before expanded strat-
egies for immunization can be recommended. Our
study of excess numbers of hospitalizations, outpa-
tient visits, and courses of antibiotics quantifies an
effect of influenza on healthy children and suggests
that the increased use of influenza vaccines in this
population could have substantial benefits. Strate-
gies designed to control epidemics of influenza must
also focus on healthy schoolchildren and children in
day care because of their role in the transmission of
disease.3,6
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