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BACKGROUND AND OBJECTIVES: National guidelines recommend blood cultures for children 
hospitalized with presumed bacterial community-acquired pneumonia (CAP) that is 
moderate or severe. We sought to determine the prevalence of bacteremia and characterize 
the microbiology and penicillin-susceptibility patterns of positive blood culture results 
among children hospitalized with CAP.
METHODS: We conducted a cross-sectional study of children hospitalized with CAP in 6 
children’s hospitals from 2007 to 2011. We included children 3 months to 18 years of age 
with discharge diagnosis codes for CAP using a previously validated algorithm. We excluded 
children with complex chronic conditions. We reviewed microbiologic data and classified 
positive blood culture detections as pathogens or contaminants. Antibiotic-susceptibility 
patterns were assessed for all pathogens.
RESULTS: A total of 7509 children hospitalized with CAP were included over the 5-year study 
period. Overall, 34% of the children hospitalized with CAP had a blood culture performed; 
65 (2.5% of patients with blood cultures; 95% confidence interval [CI]: 2.0%–3.2%) grew a 
pathogen. Streptococcus pneumoniae accounted for 78% of all detected pathogens. Among 
detected pathogens, 50 (82%) were susceptible to penicillin. Eleven children demonstrated 
growth of an organism nonsusceptible to penicillin, representing 0.43% (95% CI: 0.23%–
0.77%) of children with blood cultures obtained and 0.15% (95% CI: 0.08%–0.26%) of all 
children hospitalized with CAP.
CONCLUSIONS: Among children without comorbidities hospitalized with CAP in a non-ICU 
setting, the rate of bacteremia was low, and isolated pathogens were usually susceptible to 
penicillin. Blood cultures may not be needed for most children hospitalized with CAP.
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What’s KnoWn on this subject: The Pediatric 
Infectious Diseases Society and the Infectious 
Diseases Society of America national guideline 
recommends that blood cultures should be obtained 
in children requiring hospitalization for presumed 
bacterial community-acquired pneumonia.

What this study adds: Among children 
hospitalized with community-acquired pneumonia, 
the rate of bacteremia is low, and isolated 
pathogens are usually susceptible to penicillin.
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The Pediatric Infectious Diseases 
Society and the Infectious Diseases 
Society of America national guideline 
recommends that blood cultures 
should be obtained in children 
requiring hospitalization for 
presumed bacterial community-
acquired pneumonia (CAP) that is 
moderate or severe, particularly in 
those with complicated pneumonia.1 
This recommendation was intended 
to facilitate targeted antimicrobial 
therapy when an organism was 
isolated because culture-directed 
therapy may be associated with 
improved outcomes while offering 
opportunities to reduce unnecessary 
broad-spectrum antimicrobial use.2 – 4 
Furthermore, epidemiologic data 
derived from blood culture results 
may inform empirical treatment 
approaches and the national 
vaccination policy.1

However, moderate to severe 
pneumonia is not well defined in 
the CAP guideline, and there is no 
overall recommendation regarding 
whether to obtain blood cultures 
for hospitalized children with CAP. 
Thus, debate persists over the 
utility of blood cultures in children 
hospitalized with CAP. Studies of 
pneumonia after licensure of the 
pneumococcal conjugate vaccine 
have demonstrated low rates of 
bacteremia, ranging from 1% to 
7%, among children hospitalized 
with CAP.5 – 7 Consequently, the 
impact of blood cultures on clinical 
management may be limited, 
whereas the costs (including the 
costs of additional health care 
use prompted by false-positive or 
contaminated culture results) may 
be substantial.5, 8 However, these 
previous studies were limited by 
small sample sizes, limited periods 
of data collection, and/or single-
center designs.5,  6,  8 –10 Furthermore, 
the recent shift toward greater use 
of narrow-spectrum antibiotics 
(especially ampicillin instead of 
ceftriaxone) for CAP in the context 
of evolving antimicrobial resistance 

may lead to delays in appropriate 
antibiotic therapy for children 
with CAP because of penicillin-
nonsusceptible organisms, including 
Streptococcus pneumoniae and 
Staphylococcus aureus.11 Delays 
in appropriate antibiotic therapy 
have been associated with worse 
clinical outcomes in adults with 
pneumonia.12,  13

Based on the limited data in this 
area, we sought to determine the 
prevalence of bacteremia and 
characterize the microbiology and 
penicillin-susceptibility patterns 
of positive blood culture results 
in a large, multicenter cohort of 
children hospitalized with CAP. This 
information may help inform clinical 
practice around the judicious use 
of blood cultures as well as future 
guideline recommendations for the 
management of children with CAP.

Methods

study design

This retrospective cohort study 
used data from the Pediatric 
Health Information System Plus 
(PHIS+) database. The PHIS+ 
augments administrative and billing 
information contained within the 
PHIS database (Children’s Hospital 
Association, Lenexa, KS) with 
detailed laboratory and radiographic 
information from the following 6 
tertiary children’s hospitals: the 
Children’s Hospital of Philadelphia 
(Philadelphia, PA), Boston Children’s 
Hospital (Boston, MA), the Children’s 
Hospital of Pittsburgh of the 
University of Pittsburgh Medical 
Center (Pittsburgh, PA), Seattle 
Children’s Hospital (Seattle, WA), 
Primary Children’s Hospital (Salt 
Lake City, UT), and Cincinnati 
Children’s Hospital Medical Center 
(Cincinnati, OH). It has been 
standardized and harmonized 
to biomedical terminologies and 
data models and assessed for its 
quality.14 This study was approved 
by the Institutional Review Board 

at Cincinnati Children’s Hospital 
Medical Center.

study Population

We included children 3 months to 
18 years of age hospitalized with 
CAP between January 1, 2007, and 
December 31, 2011. The diagnosis 
of CAP was ascertained on the basis 
of International Classification of 
Diseases, Ninth Revision, Clinical 
Modification discharge diagnosis 
codes and required either a primary 
diagnosis of pneumonia (480–483 
and 485–487) or a primary diagnosis 
of pleural effusion (510.0, 510.9, 
511.0, 511.1, 511.9) and a secondary 
diagnosis of pneumonia.15,  16

We excluded children who were 
transferred into a hospital that was 
participating in the PHIS+ because 
these children may have had a blood 
culture performed or received 
antibiotic treatment before their 
arrival. In addition, we excluded 
children with a complex chronic 
condition recorded among their 
discharge diagnoses because these 
children may warrant a different 
diagnostic evaluation than children 
without comorbidities.17 We also 
excluded children with a secondary 
discharge diagnosis consistent with 
an underlying chronic condition not 
identified by the complex chronic 
condition algorithm, suggesting 
hospitalization for reasons other than 
pneumonia.16

bacteremia

We identified blood cultures 
performed on the first or second 
hospital day for each child included 
in the cohort. Blood culture results 
were classified as positive or negative 
for bacterial growth. Children with 
bacterial growth in their cultures 
were further classified as harboring a 
pathogen or a contaminant by using 
a previously defined classification 
scheme for children hospitalized 
with pneumonia.7 We then calculated 
the prevalence of bacteremia 
among children hospitalized with 
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CAP. For each pathogen, we also 
assessed whether the organism was 
susceptible versus nonsusceptible 
(including intermediate susceptibility 
as “nonsusceptible”) to penicillin. 
For S pneumoniae, we classified 
the isolate as susceptible to 
penicillin if the minimum inhibitory 
concentration was <2 μg/mL.1

We performed a subanalysis 
restricting the cohort to children 
who received an antibiotic on the 
first or second hospital day to 
best represent the population of 
children with suspected bacterial 
pneumonia. Additionally, we 
attempted to identify patients who 
were hospitalized with severe or 
complicated pneumonia. Patients 
were considered to have severe 
or complicated pneumonia if they 
were either admitted to an ICU 
or underwent a pleural drainage 
procedure on the first or second day 
of their hospitalization, respectively. 
Pleural drainage was defined 
by International Classification of 
Diseases, Ninth Revision, Clinical 
Modification procedure codes for 
thoracentesis (34.91), chest tube 
placement (34.04), video-assisted 
thoracoscopic surgery (34.21), and 
thoracotomy (34.02 and 34.09).18

data analysis

Demographic characteristics were 
summarized by using frequencies 
and percentages. We compared the 
characteristics of children receiving 
a blood culture with those not 
receiving a blood culture by using 
χ2 statistics. The prevalence of 
bacteremia detections with exact 
binomial 95% confidence intervals 
(CIs) were calculated among all 
children in whom a blood culture was 
obtained and in the subpopulations 
of interest. Additional analyses 
were conducted by stratifying the 
cohort on the basis of the presence 
or absence of severe or complicated 
pneumonia. Calculations were 
performed by site and in aggregate. 
All statistical analyses were 

performed by using SAS v.9.4 (SAS 
Institute, Cary, NC), and P values 
<.05 were considered statistically 
significant.

Results

During the study period, a total of 
14 166 CAP hospitalizations were 
identified at the 6 study sites. 
After excluding children who were 
transferred in (n = 1281), those 
with a complex chronic condition 
(n = 5196), and those with other 
chronic conditions (n = 180), the 
final cohort consisted of 7509 CAP 
hospitalizations, ranging from 
816 to 1675 encounters per site 
(Supplemental Tables 5 and 6).

Demographics of the study 
population stratified by the 
performance of a blood culture are 
shown in Table 1. Overall, 34.2% 

of the children hospitalized with 
CAP had a blood culture obtained. 
Compared with children without 
blood cultures obtained, the children 
with blood cultures performed were 
more likely to have private insurance, 
present during the summer season, 
and have longer hospital length of 
stay.

Performance of blood culture varied 
by site (range 13.6%–49.1%) for 
children hospitalized with CAP  
(Table 2).

Overall, bacteremia was identified 
in 0.9% (95% CI: 0.7%–1.1%) of 
the 7509 children hospitalized with 
CAP. Among the 2568 children in 
whom a blood culture was obtained, 
65 (2.5% of all blood cultures; 
95% CI: 2.0%–3.2%) demonstrated 
growth of a pathogen. S pneumoniae 
(n = 51) was the most common 
organism identified, accounting 
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table 1  Characteristics of Children Stratified by Performance of Blood Culture

Overall N = 7509 No Blood Culture  
N = 4941 (65.8%)

Blood Culture  
N = 2568 (34.2%)

P

n (%) n (%) n (%)

Age, y
 1–5 5443 (72.5) 3586 (72.6) 1857 (72.3) .108
 6–12 1623 (21.6) 1083 (21.9) 540 (21.0)
 13–18 443 (5.9) 272 (5.5) 171 (6.7)
Girls 3659 (48.7) 2405 (48.7) 1254 (48.8) .897
Race/ethnicity
 Non-Hispanic white 4113 (59.5) 2739 (59.9) 1374 (58.7) <.001
 Non-Hispanic black 1576 (22.8) 1020 (22.3) 556 (23.8)
 Hispanic 783 (11.3) 496 (10.8) 287 (12.3)
 Asian 294 (4.3) 191 (4.2) 103 (4.4)
 Other 149 (2.2) 128 (2.8) 21 (0.9)
Insurance
 Government 2894 (38.5) 1999 (40.5) 895 (34.9) <.001
 Private 3927 (52.3) 2442 (49.4) 1485 (57.8)
 Other 688 (9.2) 500 (10.1) 188 (7.3)
Disposition
 Home health service 278 (3.7) 132 (2.7) 146 (5.7) <.001
 Home 6899 (91.9) 4576 (92.6) 2323 (90.5)
 Other 326 (4.3) 227 (4.6) 99 (3.9)
 Skilled 6 (0.1) 6 (0.1) 0 (0.0)
Length of stay, d
 0–1 2197 (29.3) 1650 (33.4) 547 (21.3) <.001
 2–3 3489 (46.5) 2266 (45.9) 1223 (47.6)
 4–6 1142 (15.2) 678 (13.7) 464 (18.1)
 7+ 681 (9.1) 347 (7.0) 334 (13.0)
Season
 Spring 1983 (26.4) 1299 (26.3) 684 (26.6) <.001
 Summer 1033 (13.8) 622 (12.6) 411 (16.0)
 Fall 1810 (24.1) 1190 (24.1) 620 (24.1)
 Winter 2683 (35.7) 1830 (37.0) 853 (33.2)

http://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2017-1013/-/DCSupplemental


for 78% of all pathogens (Table 3), 
but it was detected in only 2.0% 
of all children with blood cultures 
obtained. Contaminants were 
identified in 25 (1.0%; 95% CI: 
0.6%–1.4%) patients with CAP in 
whom a blood culture was obtained 
(Table 2); coagulase-negative 
staphylococci accounted for the 
most contaminants.

Data regarding susceptibility to 
penicillins were available for 61 
of the 65 detected pathogens. 
Fifty (82%) pathogens were 
susceptible to penicillin (Table 3), 
including 92% of S pneumoniae 
isolates. Eleven children 
demonstrated growth of a pathogen 
nonsusceptible to penicillin, which 
represented 0.4% (95% CI: 0.2%–
0.8%) of the children in whom a 
blood culture was obtained and 
0.2% (95% CI: 0.1%–0.3%) of all 
children hospitalized with CAP. 
(Table 4)

Compared with the overall cohort, 
the rate of bacteremia with a 
pathogen was not different among 
the subset of children treated  
with an antibiotic on the first or 
second hospital day (2.6%, 95% CI:  
2.0%–3.2%). The prevalence of 
bacteremia among patients with 
severe or complicated pneumonia 
on presentation was 4.2% (95% CI: 
2.6%–6.8%) and was 2.2% (95% CI:  
1.6%–2.9%) among children 

presenting without severe and 
complicated pneumonia (Fig 1).

discussion

In this large, multicenter study, 
bacteremia was rarely identified 
in children hospitalized with CAP. 
Among the few detected pathogens, 
S pneumoniae was the most common, 
and most pathogens were susceptible 
to penicillin. These findings suggest 
that the routine performance of blood 
cultures has limited value in the 
majority of children hospitalized with 
CAP because the results would rarely 
require changes from guideline-
recommended, empirical antibiotic 
therapy.

The rationale for obtaining blood 
cultures in children hospitalized 
with moderate to severe CAP 
relates to the ability to target 
therapy when a causative agent is 
identified. Although cited as a strong 

recommendation in the Pediatric 
Infectious Diseases Society and 
the Infectious Diseases Society of 
America guideline, the evidence 
supporting the recommendation to 
obtain a blood culture in children 
hospitalized with CAP was graded 
as low quality.1 The low detection 
of bacteremia observed in our 
study should be interpreted in the 
context of other investigations. In 
a multicenter study that included 
1 year of data (2010) from 2 of the 
hospitals included in this study, 
blood cultures were performed 
in 56% of children hospitalized 
with CAP with a prevalence of 
bacteremia of 7%.9 Although this 
rate of bacteremia was considerably 
higher than what was observed in 
this study, the inclusion criteria 
differed between the 2 studies. Most 
notably, the other study included 
only radiographically confirmed 
cases of pneumonia. In another study 
of 535 hospitalized children <36 
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table 2  Performance and Results of Blood Culture by Site

Site N of Hospitalized 
Children

N of Blood Cultures 
Performed (%)

N of Blood Culture Results (% of Patients in 
Whom Blood Culture Was Performed)

Pathogen Contaminant

A 1236 328 (26.5) 7 (2.1) 3 (0.9)
B 1334 287 (21.5) 6 (2.1) 0 (0.0)
C 816 111 (13.6) 5 (4.5) 1 (0.9)
D 1675 651 (38.9) 18 (2.8) 6 (0.9)
E 1173 576 (49.1) 6 (1.0) 4 (0.7)
F 1275 615 (48.2) 23 (3.7) 11 (1.8)
Total 7509 2568 (34.2) 65 (2.5) 25 (1.0)

table 3  Specific Pathogens Identified in Blood Cultures and Susceptibility to Penicillins

Organism N % of All 
Pathogens

% of All Blood 
Cultures 

Performed (n = 
2568)

% of All Children 
Hospitalized With 

CAP (n = 7509)

Susceptibility to Penicillinsa

N Tested N Susceptible (%) N Nonsusceptible (%)

S pneumoniae 51 78.5 1.99 0.68 50 46 (92)b 4 (8)
S aureus 5 7.7 0.19 0.07 5 — 5 (100)
Haemophilus influenzae 3 4.6 0.12 0.04 2 1 (50) 1 (50)
β hemolytic streptococci 2 3.1 0.08 0.03 1 1 (100) —
Streptococcus pyogenes 2 3.1 0.08 0.03 2 2 (100) —
Enterobacter 1 1.5 0.04 0.01 1 — 1 (100)
Moraxella sp. 1 1.5 0.04 0.01 0 — —
Total 65 100 2.53 0.87 61 50 (82) 11 (18)

Growth of contaminants include the following: coagulase-negative staphylococci (n = 20), Viridans group streptococci (n = 5), diphtheriods (n = 2), micrococci (n = 1), Actinomyces (n = 
1), Corynebacterium (n = 1), Streptococci species (n = 1), and other Gram-positive cocci (n = 1). —, not applicable.
a Percent susceptible and nonsusceptible reflect the percentages among those tested (4 patients had missing susceptibility data).
b S pneumoniae isolates with minimum inhibitory concentration <2 were considered susceptible to penicillin when not otherwise stated by a local microbiology laboratory.



months of age with radiographic 
evidence of uncomplicated 
pneumonia, 2.2% had positive blood 
culture results, all of which were 
considered contaminants.6 In a study 
of children with CAP evaluated in 
an emergency department, one-
third had blood cultures performed, 
and 2.1% had bacteremia.5 We 
observed wide variation in the rates 
of obtaining blood cultures across 
the 6 participating centers. This 
variation may have influenced the 
pathogen detections by site, with 
institutions more liberal in blood 
culture performance demonstrating 
a lower rate of pathogen detection. 
This variation emphasizes the need 
to standardize care among children 
hospitalized with CAP.

Among a population of >7500 
children hospitalized with CAP, 11 
children had a blood culture result 
that would indicate a broadening 
of antibiotic coverage beyond the 

typically recommended, narrow-
spectrum agent ampicillin. By using 
these estimates, 667 children would 
need blood cultures to identify 1 
child for whom a change in antibiotic 
coverage would be recommended. 
By using the more conservative 
estimate of children in whom a blood 
culture was actually obtained, the 
number needed to test would be 
223. Although isolating a bacterial 
pathogen (ie, CAP caused by a 
penicillin-susceptible S pneumoniae) 
may not necessarily lead to a change 
in empirical antibiotic therapy, such 
knowledge may be informative if the 
response to treatment is suboptimal.

The value of blood cultures lies 
primarily in the detection of a 
pathogen for which an empirical 
antibiotic regimen would not 
effectively cover. A blood culture 
with isolation of a pathogenic 
organism susceptible to the empirical 
therapy may also provide useful 

information to avoid broadening 
therapy in patients who are not 
improving or worsening on initial 
therapy. The challenge is that when 
blood cultures are drawn early in the 
course of evaluation and treatment, 
the severity of CAP may not be 
fully apparent, which highlights 
the challenge of identifying which 
children would potentially benefit 
from a blood culture. This marginal 
benefit of blood culture for targeting 
therapy must be weighed against 
the additional consequences of 
obtaining a blood culture, including 
the identification of nonpathogenic 
contaminants. Similar to those of 
other studies, the contamination rate 
was low across the 6 study sites.19 
In our cohort, for every 5 children 
that had bacteremia because of a 
pathogen, 2 had a contaminated 
blood culture. Additionally, nearly 
3 times as many children had a 
contaminated blood culture as did 
children with bacteremia because 
of a pathogen nonsusceptible to 
penicillin. Contaminated cultures are 
not without consequence; studies in 
adults have shown that contaminants 
contribute to longer hospital stays, 
increased exposure to unnecessary 
broad-spectrum antibiotics, and 
increased cost.2,  20,  21

Among the few detected pathogens, 
S pneumoniae was the most 
common, accounting for 78% of 
the pathogens identified. More 
than 90% of pneumococcal isolates 
were susceptible to narrow-
spectrum penicillins, reinforcing 
the recommendation for ampicillin 
as a first-line agent for empirical 
treatment of children hospitalized 
with CAP. Furthermore, in the case of 
S pneumoniae, it should also be noted 
that the recommended antibiotic 
treatment course for nonsevere CAP 
is not different on the basis of the 
presence or absence of bacteremia, 
further limiting the value of a blood 
culture in this population.

Our study is subject to several 
limitations. All subjects were cared 
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table 4  Overall Yield of Blood Cultures

N % of Cohort (N = 7509) % of All Blood Cultures 
Performed (n = 2568) 

Cohort (hospitalized with CAP) 7509 — —
Blood culture performed 2568 34.20 —
Pathogen 65 0.87 2.53
Penicillin-nonsusceptible 

organisma
11 0.15 0.43

—, not applicable.
a Percent susceptible and nonsusceptible reflect the percentages among those tested (4 patients had missing susceptibility 
data).

FiGuRe 1
Percentage of patients with bacteremia because of a pathogen, overall and stratified by the presence 
or absence of severe or complicated pneumonia.



for at tertiary-care children’s 
hospitals that participated in our 
research network, and our findings 
may not be generalizable to other 
institutions. However, given the 
multiple participating institutions, 
case mix, and higher overall severity 
of disease in patients cared for at 
children’s hospitals, we would not 
expect the yield of blood cultures 
to be different in other settings. We 
relied on the use of administrative 
data augmented by microbiologic 
data from the PHIS+. Although we 
used previously validated strategies 
to identify children hospitalized with 
CAP, the lack of additional clinical 
information limits our ability to 
assess detailed clinical characteristics 
of patients included in our study 
or to differentiate bacterial from 
viral pneumonia.15 We are unable to 
ascertain antibiotic exposure before 
blood culture collection, which 
can reduce the rate of pathogen 
detection. Additionally, we are unable 
to account for other testing, including 
viral studies, which may have 
been performed in some children 
included in this study. Furthermore, 
the classification of severe or 
complicated pneumonia was made 
in retrospect and may not have been 
known at the time of blood culture 
collection.

The exclusion of children with 
underlying chronic conditions 
and those who transferred to the 
study institutions may limit the 
generalizability of our findings; the 
low rate of bacteremia observed in 
this study may not be extrapolated 
directly to all children hospitalized 
with CAP. It is important to note that 
nearly one-half of all cases considered 
were excluded on the basis of these 
criteria. The exclusion of children 
with underlying comorbidities likely 
results in a study cohort that more 
closely resembles populations served 
by nonchildren’s hospital facilities. 
Underestimation of the true rate of 
bacteremia may also have occurred 
because of the fact that many children 

did not have blood cultures obtained, 
and we cannot account for potential 
use of antibiotics before blood culture 
collection that may have precluded 
bacterial detections. Also, susceptibility 
information was missing from 4 
isolates, which could impact our point 
estimates for the rate of nonsusceptible 
strains. It should also be noted that 
our findings of the low yield of blood 
cultures might not apply to children 
admitted to an intensive care setting or 
children presenting with complicated 
pneumonia, such as empyema, in whom 
the rate of bacteremia is nearly twofold 
higher. Lastly, if clinicians become 
more selective with performance of 
blood culture by targeting only children 
with more severe illness, then future 
studies may find a higher prevalence of 
bacteremia.1,  22

conclusions

The rate of bacteremia in children 
without comorbidities hospitalized 
with CAP in our study was low. When 
bacteremia occurred, >80% of isolates 
were susceptible to ampicillin, the 
recommended first-line treatment 
of children with CAP. The yield of 
blood cultures is low among children 
without comorbidities hospitalized 
with uncomplicated pneumonia 
in a non-ICU setting. The routine 
performance of blood cultures in 
these children may not be indicated. 
Researchers in future studies 
should seek to identify the clinical 
characteristics of children in whom 
obtaining blood cultures would lead 
to changes in clinical management, 
especially when identifying those 
patients at risk for CAP caused 
by organisms not susceptible to 
guideline-recommended, narrow-
spectrum antibiotics.
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