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Introduction
Pneumococcal disease causes signif-

icant morbidity and mortality despite the
availability of a vaccine and of antibiotic
treatment. Although pneumococcal pneu-
monia is the most common manifestation
of infection with Streptococcus pneumo-
niae in adults, its diagnosis by sputum cul-
ture is unreliable.1-3 However, the occur-
rence of pneumococcal bacteremia can
easily be ascertained by review of labora-
tory records, and rates of pneumococcal
bacteremia can be extrapolated to provide
a reasonable estimate of the extent of
pneumococcal disease in a community.
Approximately one half of pneumococcal
bacteremias are thought to be secondary
to pneumonia, and about one fifth of epi-
sodes of pneumococcal pneumonia are
complicated by bacteremia.4 The preven-
tion of pneumococcal disease and the de-
velopment of immunization guidelines de-
pend on a complete understanding of the
disease's epidemiology.

Previous studies of pneumococcal
bacteremia (Table 1) have been based on
relatively small populations and numbers
of cases, and have reported widely diver-
gent rates.5-9 Two studies done by the
Centers for Disease Control in Charles-
ton County, South Carolina,5,9 showed a
doubling of rates from the 1970s to the
1980s associated with an increase in the
number of blood cultures drawn in the
1980s.9 Previous studies have docu-
mented higher rates of pneumococcal
bacteremia in non-White populations, in
the very young, and in the very old.5-9

The extent of mortality due to all
pneumococcal disease is also not known.
Pneumonia is a leading cause of death in
the elderly, and pneumococcal pneumo-
nia constitutes at least 15% of communi-
ty-acquired pneumonias.4,10 Overall

case-fatality rates for pneumococcal bac-
teremia remain at 17% to 19% despite
appropriate antimicrobial therapy, and
they are higher in the elderly and in those
with comorbid conditions.4'9 To guide
immunization policies, it is important to
understand the pattern of mortality in dif-
ferent groups of patients.

To clarify the epidemiology of pneu-
mococcal disease, we studied the inci-
dence and case-fatality rates for pneumo-
coccal bacteremia in Monroe County,
New York, from 1985 through 1989. We
also ascertained comorbid conditions in
patients requiring hospitalization.

Methods

Monroe County, located in western
New York, had a total estimated popu-
lation of 712 695 in 1985. The county cen-
ters on Rochester and includes urban,
suburban, and semirural populations.
The age and race population distribution
of Monroe County is similar to that of the
United States, with 85% White, 10%
Black, and 5% Hispanic and other
groups. There are eight hospitals in the
county and all microbiology specimens
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are processed in six laboratories. Patients
from the surrounding rural counties are
often admitted to hospitals in Rochester,
but few residents ofMonroe County seek
medical care outside the county.

We defined incident cases as epi-
sodes ofpneumococcal bacteremia occur-
ring during the 5 years of the study. We
searched the records of the six clinical mi-
crobiology laboratories. Carewas taken to
count cases and not isolates, because
there were often several positive blood
cultures from each patient.

Each patient's chartwas reviewed for
zip code to establish residence in the
county and for age, sex, race, comorbid
conditions predisposing to pneumococcal
bacteremia, and outcome (survival or
death). Zip code, age, race, and sex were
determined from the face sheet of the pa-
tient's admission chart or from the emer-
gency room or outpatient record when the
patient was not admitted to the hospital.
Comorbid conditions were available only

for those patients admitted to hospital and
were determined from the discharge re-
port. Because this studywas based on ret-
rospective chart review, we were not able
to obtain accurate pneumococcal vaccina-
tion histories.

Crude and specific incidence density
rates were calculated1" using Monroe
County population estimates for 1985.12
Case-fatality rates were calculated by di-
viding the number of deaths by the num-
ber of cases within each stratum.

We performed chi-square tests to
compare incidence rates and case fatality
rates in Blacks with those in Whites
within each age stratum. We calculated
rate ratios with 95% confidence intervals
(CI) to estimate the strength of the asso-
ciation between race and pneumococcal
bacteremia within each age stratum. The
effects of age, race, and number of co-
morbid conditions on outcome were an-
alyzed by multiple linear regression.

Results

This study is based on 671 cases. A
total of 812 cases of pneumococcal bacte-
remia occurred in Monroe County during
the 5-year period of the study, but these
included 41 patients (5%) for whom no
record could be located and who were
therefore not included in this study. Ofthe
771 patients for whom a clinical record
was available, 98 (13%) resided outside
Monroe County and the charts of 2 con-
tained insufficient information. Race or
ethnic background datawere available for
93% of the cases. Therefore, overall and
age-specific incidence rates are based on
671 cases, but race-specific rates are based
on only 626 cases.

The overall annual incidence rate of
pneumococcal bacteremia was 18.8 per
100 000 (Table 2). The yearly incidence
did not vary significantly during the 5
years of the study. Age-specific incidence
rates ranged from 2.9 per 100 000 in those
aged 5 through 19 years to 175.4 per
100 OOOin infantsyounger than 12 months.
The rates were highest at the extremes of
age and were considerably lower in those
aged 55 through 64 years than in those
aged 65 years and older. The incidence of
pneumococcal bacteremia was markedly
higher in non-White populations (Table 2).

To clarify the role of age distribution
in the racial difference, we compared
Black and White age-specific rates ofbac-
teremia (Table 3). The differences in rates
were highly statistically significant within
each age stratum; rate ratios ranged from
2.7 in those aged 65 years and older to 7.9
in those aged 1 through 4 years. The inci-
dence rate in Blacks aged 55 through 64
years was higher than that in Whites aged
65 years and older, but the difference was
not statistically significant.

The overall admission rate for cases
of pneumococcal bacteremia was 69.6%
(467/671). This rate ranged from 17.2%
(22/128) in children aged 1 through 4 years
to 99.6% (240/241) in those aged 65 years
and older. Although the overall rate of ad-
mission was somewhat higher among
Whites, age-specific rates ofadmission did
not differ between Blacks and Whites. Of
the 467 patients who were admitted, the
records of 23 (4.9%) did not include accu-
rate information regarding comorbid con-
ditions. Therefore, our tabulation of con-
ditions predisposing to pneumococcal
bacteremia is based on the 444 hospital-
ized patients with pneumococcal bactere-
mia for whom medical records were coin-
plete. Of these, 175 (39.4%) had no
comorbid conditions. The frequency of
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one or more comorbid illnesses increased
with age but differed little between Black
and White cases (Table 4). The most com-
mon comorbid illnesses were congestive
heart failure (16%), chronic obstructive
pulmonary disease (16%), and diabetes
mellitus (13%). Alcohol abuse was noted
in 5% of Whites and in 25% of Blacks. Of
the 45 patients with a documented history
of alcohol abuse, 14 had liver disease.
Four children had sickle ceil anemia (Hb
SS) (a prevalence rate of 4%). One child
had Hb SC disease. Eleven men, aged 28
through 62 years, had acquired immuno-
deficiency syndrome (AIDS).

At least one indication for pneumo-
coccal immunization was present in 81%
ofthe White patients and 64% ofthe Black
patients. About 50% of both Black and
White patients younger than 65 years had
an indication for immunization. In those
55 through 64 years old, the rate of co-
morbid predisposing medical conditions
was no higher than that among those aged
65 years and older and was the same for
Blacks and Whites.

The overall case-fatality rate was
15% (n = 102), but the rate was 30%
(n = 70) in those aged 65 years and older
(Table 5) and only 2% in those younger
than 5 years. The case-fatality rate was
13% among patients with no comorbid
conditions and 27% in those with predis-
posing conditions. The only racial differ-
ence in the age-specific case-fatality rates
was in those 55 through 64 years old. The
case-fatality rate was markedly higher in
Blacks in this age group, but this differ-
ence failed to reach statistical significance
(Fisher exact P = .099). Multiple linear
regression confirmed the independent and
significant effects of age (P = .003) and
number of comorbid conditions (P = .03)
and the lack of effect of race (P = .54) on
outcome.

Disussion
This case series includes more cases

than any previous study and therefore is
likely to yield more reliable estimates of
incidence rates and case-fatality rates. It is
strildng that our findings so closely repli-
cate those of the smaller 1986 to 1987
Charleston County study.9 These studies,
taken together, provide useful baseline in-
cidence rates of pneumoccal bactere-
mia. However, theymay represent under-
estimates, as suggested by Austrian.13
Although passive prospective surveil-
lance in Connecticut indicates that rates
maybe somewhat higher, that study is not
community based and therefore does not

allow for the calculation of incidence rates
(E. D. Shapiro, MD, personal communi-
cation, December 11, 1990).

There are several sources of possible
underestimation of incidence rates in the
present study. First, our rates are clearly
dependent on the isolation of S. pneuwo-

niae from blood cultures and therefore on
the obtaining of blood cultures in appro-
priate clinical settings and before the ad-
ministration of antimicrobials. The inci-
dence among institutionalized elderly
populations may be underestimated if lab-
oratory access is limited.
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Second, we were unable to obtain all
patient records for the identified pneumo-
coccal isolates. Because we were missing
only 41 charts and at least 13% of them
would be expected to be non-Monroe
County residents, these missing charts
represent only 36 cases, or 7 cases per
year. It is unlikely that so few cases would
markedly affect the results.

Third, if residents ofMonroe County
had pneumococcal bacteremia when they
were outside the county, our rates would
represent underestimates of the incidence
of pneumococcal disease. However, it is
unlikely that many Monroe County resi-
dents would be hospitalized in the sur-
rounding rural counties or that theywould
travel to Buffalo or Syracuse for treatment
of pneumococcal bacteremia.

This study confirms the previously
reported higher incidence of pneumococ-
cal bacteremia in Black populations. In
addition, the large size of our study pop-
ulation enabled us to show statistically sig-
nificant higher rates in Blacks in all age
groups. Our data suggest that other mi-
nority populations may also have an in-
creased incidence.

The reasons for higher rates of pneu-
mococcal bacteremia in non-White popu-
lations are not known. It is possible that
higher apparent rates result from more fre-
quent blood culturing or more frequent
hospitalization and consequent blood cul-
turing. However, if this were the case we
might expect Black patients to have a
lower case-fatality rate, because increased
blood culturing and hospitalization might
identify Black patients who were less ill
than White patients. Our data give no in-
dication of selective identification of
milder cases in Black patients.

Another possible source ofthe differ-
ence in rates in non-White populations is
census undercounting. However, we be-
lieve that it is unlikely that census inaccu-
racies could account for rate ratios that
range from 2.7 to 7.9.

Other possible explanations include
differences in access to medical care, re-
sulting in more frequent progression of
disease to bacteremia in Blacks; socioeco-
nomic status; crowding; clustering of
cases within neighborhoods; association
with underlying medical conditions; and
the relative rates of pneumococcal vacci-
nation or other immunologic differences.
In the CDC study of Charleston County
reported in 1990, controlling for socioeco-
nomic status by census tract income data
failed to remove the effect of race on in-
cidence rates.9 In our study, the frequency

of underlying medical conditions known
to increase susceptibility to pneumococ-
cal disease did not differ between Blacks
and Whites (58% vs 62%).

If the higher rates of pneumococcal
bacteremia in Blacks cannot be ascnbed
to methodological problems, this study
will add to the growing body of literature
that documents the poorer health status of
BlackAmericans.14,15 Future studies must
identify the specific environmental or bi-
ologic factors responsible for the in-
creased morbidity and mortality in Black
populations. One limitation of this study is
the lack of data regarding the vaccination
status of patients. It is critical that future
studies be prospective so that hypotheses
regarding the causes of the difference in
incidence rates can be tested with accu-
rate data.

In conclusion, pneumococcal bacte-
remia remains a serious public health
problem with particularly high incidence
in the very young and the very old. Given
its high case-fatality rate, especially in the
elderly, primary prevention strategies
must be implemented in populations at
high risk. The need for a conjugate vac-
cine in children cannot be overempha-
sized. Recent studies have confirmed the
effectiveness ofthe current pneumococcal
vaccine,16 but debate continues regarding
the indications for its use.17 If studies con-
firm the markedly increased incidence and
possibly increased case-fatality rate in
Black populations over the age of 55, this
group should perhaps be added to the
growing list ofthose forwhomvaccination
is indicated.17 The finding that age has a
significant effect on the efficacy of vacci-
nationl6 further supports lowering the age
to 55 in this high-risk population. Given
the evolving recommendations regarding
immunization practices,18 physicians and
public health workers must improve the
rates of immunization in targeted popula-
tions to reduce the morbidity and mortal-
ity documented by this study. [
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