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Febrile infants aged 0 to 60 days often undergo diag-
nostic testing to evaluate for invasive bacterial infec-
tions (IBI; ie, bacteremia and meningitis) and are sub-
sequently hospitalized pending culture results. Only 

1% to 2% of infants 0 to 60 days old have an IBI,1-3 and most 
hospitalized infants are discharged once physicians feel con-
fident that pathogens are unlikely to be isolated from blood 
and cerebrospinal fluid (CSF) cultures. Practice regarding 
duration of hospitalization while awaiting blood and CSF 
culture results is not standardized in this population. Lon-
ger hospitalizations can lead to increased costs and familial 
stress, including difficulty with breastfeeding and anxiety in 
newly postpartum mothers.4,5 

In 2010, an institutional evidence-based guideline for the 
management of febrile infants aged 0 to 60 days recommend-
ed discharge after 36 hours of observation if all cultures were 
negative.6 However, recent studies demonstrate that 85% to 
93% of pathogens in blood and CSF cultures grow within 24 
hours of incubation.7-9 Assuming a 2% prevalence of IBI, if 15% 
of pathogens were identified after 24 hours of incubation, only 
one out of 333 infants would have an IBI identified after 24 
hours of hospital observation.7

Furthermore, a review of our institution’s electronic health 
records (EHR) over the past 5 years revealed that an observa-
tion period of 24 hours would have resulted in the discharge 
of three infants with an IBI. Two infants had bacteremia; both 
were discharged from the emergency department (ED) with-
out antibiotics, returned to care after cultures were reported 
positive at 27 hours, and had no adverse outcomes. The third 
infant had meningitis, but also had an abnormal CSF Gram 
stain, which led to a longer hospitalization. 

In 2019, our institution appraised the emerging literature and 
institutional data supporting the low absolute risk of missed 
IBI, and also leveraged local consensus among key stakehold-
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BACKGROUND: Febrile infants aged 0 to 60 days are 
often hospitalized for a 36-to-48 hour observation period 
to rule out invasive bacterial infections (IBI). Evidence 
suggests that monitoring blood and cerebrospinal fluid 
(CSF) cultures for 24 hours may be appropriate for most 
infants. We aimed to decrease the average culture 
observation time (COT) from 38 to 30 hours among 
hospitalized infants 0 to 60 days old over 12 months.

METHODS: This quality improvement initiative occurred at 
a large children’s hospital, in conjunction with development 
of a multidisciplinary evidence-based guideline for the 
management of febrile infants. We included infants 
aged 0 to 60 days admitted with fever without a clear 
infectious source. We excluded infants who had positive 
blood, urine, or CSF cultures within 24 hours of incubation 
and infants who were hospitalized for other indications 
(eg, bronchiolitis). Interventions included guideline 
dissemination, education regarding laboratory monitoring 

practices, standardized order sets, and near-time 
identification of failures. Our primary outcome was COT, 
defined as time between initiation of culture incubation and 
hospital discharge in hours. Interventions were tracked on 
an annotated statistical process control chart. Our balancing 
measure was identification of IBI after hospital discharge.

RESULTS: In our cohort of 184 infants aged 0 to 60 
days, average COT decreased from 38 hours to 32 hours 
after structured guideline dissemination and order-set 
standardization; this decrease was sustained over 17 months. 
IBI was not identified in any patients after discharge. 

CONCLUSIONS: Implementation of an evidence-based 
guideline through education, transparency of laboratory 
procedures, creation of standardized order sets, and near-
time feedback was associated with shorter COT for febrile 
infants aged 0 to 60 days. Journal of Hospital Medicine 
2021;16:267-273. © 2021 Society of Hospital Medicine
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ers to update its evidence-based guideline for the evaluation 
and management of febrile infants aged 60 days and younger. 
The updated guideline recommends that clinicians consider 
discharging well-appearing neonates and infants if blood and 
CSF cultures remain negative at 24 hours.10 The objective of 
this study was to decrease the average hospital culture ob-
servation time (COT; culture incubation to hospital discharge) 
from 38 to 30 hours over a 12-month period in febrile infants 
aged 0 to 60 days. 

METHODS
Context
Improvement efforts were conducted at Cincinnati Children’s 
Hospital Medical Center (CCHMC), a large, urban, academ-
ic hospital that admitted more than 8,000 noncritically ill pa-
tients to the hospital medicine (HM) service from July 1, 2018, 
through June 30, 2019. Hospital medicine teams, located at 
both the main and satellite campuses, are staffed by attend-
ing physicians, fellows, residents, medical students, and nurse 
practitioners. The two campuses, which are about 20 miles 
apart, share clinician providers but have distinct nursing pools. 

Microbiology services for all CCHMC patients are provided 
at the main campus. Blood and CSF cultures at the satellite 
campus are transported to the main campus for incubation 
and monitoring via an urgent courier service. The microbiology 
laboratory at CCHMC uses a continuous monitoring system for 
blood cultures (BACT/ALERT Virtuo, BioMérieux). The system 
automatically alerts laboratory technicians of positive cultures; 
these results are reported to clinical providers within 30 min-
utes of detection. Laboratory technicians manually evaluate 
CSF cultures once daily for 5 days. 

Improvement Team
Our improvement team included three HM attending physi-
cians; two HM fellows; a pediatric chief resident; two nurses, who 
represented nursing pools at the main and satellite campuses; 
and a clinical pharmacist, who is a co-leader of the antimicrobial 
stewardship program at CCHMC. Supporting members for the 
improvement team included the CCHMC laboratory director; 
the microbiology laboratory director; an infectious disease phy-
sician, who is a co-leader of the antimicrobial stewardship pro-
gram; and nursing directors of the HM units at both campuses. 

Evidence-Based Guideline
Our improvement initiative was based on recommendations 
from the updated CCHMC Evidence-Based Care Guideline for 
Management of Infants 0 to 60 days with Fever of Unknown 
Source.10 This guideline, published in May 2019, was devel-
oped by a multidisciplinary working group composed of key 
stakeholders from HM, community pediatrics, emergency 
medicine, the pediatric residency program, infectious disease, 
and laboratory medicine. Several improvement team mem-
bers were participants on the committee that published the 
evidence-based guideline. The committee first performed a 
systematic literature review and critical appraisal of the litera-
ture. Care recommendations were formulated via a consensus 

process directed by best evidence, patient and family prefer-
ences, and clinical expertise; the recommendations were sub-
sequently reviewed and approved by clinical experts who were 
not involved in the development process.

Based on evidence review and multistakeholder consensus, 
the updated guideline recommends clinicians consider dis-
charging neonates and infants aged 60 days and younger if 
there is no culture growth after an observation period of 24 
hours (as documented in the EHR) and patients are otherwise 
medically ready for discharge (ie, well appearing with adequate 
oral intake).10,11 In addition, prior to discharge, there must be a 
documented working phone number on file for the patient’s 
parents/guardians, an established outpatient follow-up plan 
within 24 hours, and communication with the primary pediatri-
cian who is in agreement with discharge at 24 hours. 

Study Population
Infants 0 to 60 days old who had a documented or reported 
fever without an apparent source based on history and phys-
ical exam upon presentation to the ED, and who were sub-
sequently admitted to the HM service at CCHMC between 
October 30, 2018, and July 10, 2020, were eligible for inclu-
sion. We excluded infants who were admitted to other clinical 
services (eg, intensive care unit); had organisms identified on 
blood, urine, or CSF culture within 24 hours of incubation; 
had positive herpes simplex virus testing; had skin/soft tissue 
infections or another clearly documented source of bacterial 
infection; or had an alternative indication for hospitalization 
(eg, need for intravenous fluid or deep suctioning) after cul-
tures had incubated for 24 hours. Infants who had a positive 
blood, urine, or CSF culture result after 24 hours of incuba-
tion were included in the study population. Organisms were 
classified as pathogen or contaminant based on treatment 
decisions made by the care team. 

Improvement Activities
Key drivers critical to success of the improvement efforts were: 
(1) clearly defined standard of care for duration of observation 
in febrile infants 0 to 60 days old; (2) improved understanding 
of microbiology lab procedures; (3) effective communication of 
discharge criteria between providers and nurses; and (4) trans-
parency of data with feedback (Figure 1). The corresponding 
interventions were executed using Plan-Do-Study-Act (PDSA) 
cycles as follows:

Education and Structured Dissemination of  
Evidence-Based Guideline
The CCHMC febrile infant guideline10 was disseminated to HM 
physicians, residents, and nurses via the following means: (1) 
in-person announcements at staff meetings and educational 
conferences, (2) published highlights from the guideline in 
weekly newsletters, and (3) email announcements. Addition-
ally, members of the study team educated HM attending phy-
sicians, nursing staff from the medical units at both campuses, 
and resident physicians about recent studies demonstrating 
safety of shorter length of stay (LOS) in febrile infants aged 
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0 to 60 days. The study team also provided residents, physi-
cians, and nurses with data on the number of positive blood 
and CSF cultures and outcomes of patients at CCHMC within 
the past 5 years. In addition, team members led a journal club 
for residents discussing an article7 describing time-to-positiv-
ity of blood and CSF cultures in febrile infants. For ongoing 
engagement, the evidence-based guideline and a detailed 
explanation of microbiology procedures were published in 
the resident handbook, an internal resource that includes vital 
clinical pearls and practice guidelines across specialties. (Each 
resident receives an updated hard copy each year, and there 
is also an online link to the resource in the EHR.) Information 
about the guideline and COT was also included in the monthly 
chief resident’s orientation script, which is relayed to all resi-
dents on the first day of their HM rotation. 

Clear Communication of Microbiology Procedures 
Team members created a detailed process map describing the 
processing protocols for blood and CSF cultures collected at 
both CCHMC campuses. This information was shared with HM 
attending physicians and nurses via in-person announcements 
at staff meetings, flyers in team workrooms, and email com-
munications. Residents received information on microbiology 
protocols via in-person announcements at educational confer-

ences and dissemination in the weekly residency newsletter.
Important information communicated included: 

1. Definition of culture start time. We conveyed that there 
may be a delay of up to 4 hours between culture collection at 
the satellite campus and culture incubation at the main cam-
pus laboratory. As a result, the time of blood or CSF sample 
arrival to the main campus laboratory was a more accurate 
reflection of the culture incubation start time than the culture 
collection time. 

2. Explanation of CSF culture processing. We discussed 
the process by which these cultures are plated upon arrival 
at the microbiology laboratory and read once per day in the 
morning. Therefore, a culture incubated at midnight would be 
evaluated once at 9 hours and not again until 33 hours.

Modification of Febrile Infant Order Set
Enhancements to the febrile infant order set improved com-
munication and cultivated a shared mental model regarding 
discharge goals among all members of the care team. The EHR 
order set for febrile infants was updated as follows: (1) manda-
tory free-text fields that established the culture start time for 
blood and CSF cultures were added, (2) culture start time was 
clearly defined (ie, the time culture arrives at the main cam-
pus laboratory), and (3) a change was made in the default 

FIG 1. Key Driver Diagram Detailing Essential Drivers and Interventions Aimed at Reducing Culture Observation Time in Infants Aged 60 Days and Younger Hospital-
ized With Fever
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discharge criteria11 to “culture observation for 24 hours,” with 
the ability to modify COT (Appendix Figure 1). We embed-
ded hyperlinks to the guideline and microbiology process 
map within the updated order set, which allowed providers 
to easily access this information and refresh their knowledge 
of the recommendations (Appendix Figure 1).

Identification of Failures and Follow-up With Near-Time 
Feedback
All cases of febrile infants were tracked weekly. For infants hos-
pitalized longer than 24 hours, the study team contacted the 
discharging clinicians to discuss reasons for prolonged hospi-
talization, with an emphasis on identifying system-level barriers 
to earlier discharge.

Study of the Interventions
The institutional microbiology database was queried weekly 
to identify all infants 0 to 60 days old who had a blood culture 
obtained and were hospitalized on the HM service. Study team 
members conducted targeted EHR review to determine wheth-
er patients met exclusion criteria and to identify reasons for pro-
longed COT. Baseline data were collected retrospectively for 
a 3-month period prior to initiation of improvement activities. 
During the study period, queries were conducted weekly and 
reviewed by study team members to evaluate the impact of im-
provement activities and to inform new interventions.

Measures 
Our primary outcome measure was COT, defined as the hours 
between final culture incubation and hospital discharge. The 
operational definition for “final culture incubation” was the 
documented time of arrival of the last collected culture to the 
microbiology laboratory. Our goal COT was 30 hours to ac-
count for a subset of patients whose blood and/or CSF culture 
were obtained overnight (ie, after 9 pm), since subsequent dis-
charge times would likely and practically be delayed beyond 
24 hours. Our secondary outcome measure was LOS, defined 
as the time between ED arrival and hospital discharge. Pro-
cess measures included the proportion of patients for whom 
the febrile infant EHR order set was used and the proportion 
of patients for whom medical discharge criteria (ie, blood and 
CSF culture observed for ”xx” hours) and culture incubation 
start times were entered using the order set. Balancing mea-
sures included identification of IBI after hospital discharge, 
48-hour ED revisits, and 7-day hospital readmissions. 

Analysis
Measures were evaluated using statistical process control 
charts and run charts, and Western Electric rules were em-
ployed to determine special cause variation.12 Annotated X-bar 
S control charts tracked the impact of improvement activities 
on average COT and LOS for all infants. Given that a relatively 
small number of patients (ie, two to four) met inclusion criteria 
each week, average COT was calculated per five patients. 

This study was considered exempt from review by the 
CCHMC Institutional Review Board.

RESULTS
Of the 184 infants in this study, 46 were included as part of 
baseline data collection, and 138 were included during the 
intervention period. The median age was 26.6 days (range, 
3-59 days); 52% of patients were female; two-thirds were 
non-Hispanic White; 22% were Black, and 5% were Hispanic 
(Appendix Table). 

Average COT decreased from 38 hours to 32 hours with im-
provement activities (Figure 2) and was sustained for a total 
of 17 months. There were small decreases in COT after initial 
education was provided to attendings, nurses, and residents. 
However, the greatest sustained decreases in COT occurred 
after dissemination of the published evidence-based guideline 
and standardization of the EHR order set. Average LOS de-
creased from 42 hours to 36 hours (Figure 3). Among the total 
cohort, 34% of infants were admitted to the satellite campus. 
At the satellite and main campuses, median COT was 28 hours 
and 35 hours, respectively (Appendix Figure 2).

After the launch of the updated order set, median usage of 
the EHR order set increased from 50% to 80%. Medical dis-
charge criteria were entered for 80 (96%) of the 83 patients for 
whom the updated order set was applied; culture incubation 
start times were entered for 78 (94%) of these patients.

No infants in our cohort were found to have IBI after hos-
pital discharge. There were no ED revisits within 48 hours of 
discharge, and there were no hospital readmissions within 7 
days of index discharge. Furthermore, none of the patients in-
cluded in the study had growth of a pathogenic organism after 
24 hours.

Of the 138 infants hospitalized during the intervention peri-
od, 77 (56%) had a COT greater than 30 hours. Among these 
77 patients, 49 (64%) had their final culture incubated between 
9 pm and 4 am; Furthermore, 11 (14%) had missing, abnormal, 
pretreated, or uninterpretable CSF studies, 7 (9%) had ongo-
ing fevers, and 4 (5%) remained hospitalized due to family pref-
erence or inability to obtain timely outpatient follow-up.

DISCUSSION
Our study aimed to decrease the average COT from 38 hours 
to 30 hours among hospitalized infants aged 60 days and 
younger over a period of 12 months. An intervention featur-
ing implementation of an evidence-based guideline through 
education, laboratory procedure transparency, creation of a 
standardized EHR order set, and near-time feedback was asso-
ciated with a shorter average COT of 32 hours, sustained over 
a 17-month period. No infants with bacteremia or meningitis 
were inappropriately discharged during this study.

Interpretation
Prior to our improvement efforts, most febrile infants at 
CCHMC were observed for at least 36 hours based on a pri-
or institutional guideline,6 despite recent evidence suggest-
ing that most pathogens in blood and CSF cultures grow 
within 24 hours of incubation.7-9 The goal of this improve-
ment initiative was to bridge the gap between emerging 
evidence and clinical practice by developing and dissemi-
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nating an updated evidence-based guideline to safely de-
crease the hospital observation time in febrile infants aged 
60 days and younger. 

Similar to previous studies aimed at improving diagnosis 
and management among febrile infants,13-16 generation and 
structured dissemination of an institutional evidence-based 
guideline was crucial to safely shortening COT in our pop-
ulation. These prior studies established a goal COT of 36 to 

42 hours for hospitalized febrile infants.13,15,16 Our study in-
corporated emerging evidence and local experience into an 
updated evidence-based practice guideline to further reduce 
COT to 32 hours for hospitalized infants. Key factors contrib-
uting to our success included multidisciplinary engagement, 
specifically partnering with nurses and resident physicians in 
designing and implementing our initiatives. Furthermore, im-
proved transparency of culture monitoring practices allowed 

FIG 2. X-Bar S Control Chart Displaying Average Culture Observation Time per Five Admitted Febrile Infants Aged 60 Days and Younger. Each plotted point rep-
resents the average culture observation time (COT) per five infants, and the date listed represents earliest date of admission within the group. Panel A demonstrates 
changes in COT (in hours) over time, with interventions annotated and the centerline representing average COT. Panel B represents the SD in COT of each group, 
with the centerline representing average SD for the study population. 
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clinicians to better understand the recommended observation 
periods. Finally, we employed a standardized EHR order set 
as a no-cost, one-time, high-reliability intervention to establish 
24 hours of culture monitoring as the default and to enhance 
transparency around start time for culture incubation.

Average COT remained stable at 32 hours for 17 months after 
initiation of the intervention. During the intervention period, 64% 
patients with hospital stays longer than 30 hours had cultures 

obtained between 9 pm to 4 am. These patients often remained 
hospitalized for longer than 30 hours to allow for a daytime hos-
pital discharge. Additionally, CSF cultures were only monitored 
manually once per day between 8 am and 10 am. As a result, CSF 
cultures obtained in the evening (eg, 9 pm) would be evaluated 
once at roughly 12 hours of incubation, and then the following 
morning at 36 hours of incubation. In cases where CSF studies 
(eg, cell count, protein, Gram stain) were abnormal, uninterpre-

FIG 3. X-Bar S Control Chart Displaying Average Length of Stay From Emergency Department Arrival to Hospital Discharge per Five Admitted Febrile Infants Aged 
60 Days and Younger. Each plotted point represents the average length of stay (LOS) per five infants; the date listed represents earliest date of admission within the 
group. Panel A demonstrates changes in LOS (in hours) over time, with interventions annotated and the centerline representing average LOS. Panel B represents the 
SD in LOS of each group, with the centerline representing average SD for the study population.
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table, or could not be obtained, clinicians monitored CSF cul-
tures closer to 36 hours from incubation. While evidence-based 
guidelines and local data support safe early discharge of febrile 
infants, clinicians presented with incomplete or uninterpretable 
data were appropriately more likely to observe infants for longer 
periods to confirm negative cultures. 

Limitations
The study has several limitations. First, this single-center study 
was conducted at a quaternary care medical center with a ro-
bust quality improvement infrastructure. Our interventions took 
advantage of the existing processes in place that ensure timely 
discharge of medically ready patients.11 Furthermore, microbiol-
ogy laboratory practices are unique to our institution. These fac-
tors limit the generalizability of this work. Second, due to small 
numbers of eligible infants, analyses were conducted per five 
patients. Infrequent hospitalizations limited our ability to learn 
quickly from PDSA cycles. Finally, we did not measure cost sav-
ings attributable to shorter hospital stays. However, in addition 
to financial savings from charges and decreased nonmedical 
costs such as lost earnings and childcare,17 shorter hospitaliza-
tions have many additional benefits, such as promoting bond-
ing and breastfeeding and decreasing exposure to nosocomial 
infections. Shorter hospitalizations, with clearly communicated 
discharge times, also serve to optimize patient throughput. 

CONCLUSION
Implementation of a clinical practice guideline resulted in re-
duction of average COT from 38 to 32 hours in febrile infants 
aged 60 days and younger, with no cases of missed IBI. En-
gagement of multidisciplinary stakeholders in the generation 
and structured dissemination of the evidence-based guide-
line, improved transparency of the microbiological blood and 
CSF culture process, and standardization of EHR order sets 
were crucial to the success of this work. Cultures incubated 
overnight and daily CSF culture-monitoring practices primar-
ily contributed to an average LOS of more than 30 hours. 

Future work will include collaboration with emergency phy-
sicians to improve evaluation efficiency and decrease LOS in 
the ED for febrile infants. Additionally, creation of an auto-
mated data dashboard of COT and LOS will provide clini-
cians with real-time feedback on hospitalization practices.
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