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OVERVIEW OF Project REVISE CHANGE PACKAGE 
 
This Change Package (Quality Improvement Toolkit) is designed to provide your quality improvement team with ready‐
made material that your team can use to initiate improvement efforts as part of the Reducing Excessive Variability in Infant 
Sepsis Evaluation Project also known as Project REVISE. Over the course of the project, your team and the other teams in 
the collaborative will be encouraged to refine and repurpose the tools and resources in this change package/toolkit based 
on further review of the evidence and your own experiences testing and implementing the changes.  
 
This Change Package is based on evidence‐based research focused on diagnosis and treatment of infant fever and the local 
experience of the Project REVISE Expert Group members. The Expert Group has chosen a subset of recommendations from 
relevant literature for which we have set specific goals in order to offer a framework for your local project. Depending on 
the particular circumstances in your hospital, you may also need to implement other practices or modify your goals in order 
to successfully improve outcomes.   
 
The aims and measures in this collection are not necessarily the only ones required to achieve the improved outcomes you 
are targeting. This project is not exhaustive, exclusive, or all‐inclusive. Changes in practice will require testing and 
adaptation to your particular circumstances and context in order to achieve measured improvements in outcomes.  As you 
test and implement new processes, you will monitor the results closely to ensure that you are obtaining the desired 
outcome, that no harm is being done, and that no unanticipated results or consequences emerge. In addition to the 
evidence‐based measures, we have also provided some balancing measures to assess in order to help with the process of 
avoiding unanticipated consequences.  Establishing sustainability efforts in order to promote continuous quality 
improvement (CQI) will be crucial for success as well.   
 

Model for Improvement 
One theoretical basis for promoting change in healthcare is 
the Model for Improvement. We recommend the Model for 
Improvement1 as a framework for your efforts. The three key 
questions of the Model for Improvement are: 

 

Quality Improvement Elements 
For Project REVISE, the following four items will be quality 
improvement elements which we will support: 1) clearly 
identified aims; 2) targeted measures; 3) planned changes; 
and 4) cycles of action ‐ Plan‐Do‐Study‐Act (PDSA) 

 
Thank you for your participation in this important systemic change to improve the management of febrile infants in the 
hospital setting. 

 
Project REVISE Expert Group  
 
1 Langley, Nolan, Norman, and Lloyd P. Provost. The Improvement Guide: A Practical Approach to Enhancing Organizational Performance.  New 
York:  Jossey‐Bass Inc., 1996
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Project REVISE Sample Order Set: Febrile Infant 7 – 28 Days  

SCOPE: 
Inclusion Criteria: 

‐ Otherwise healthy infants with documented or parent reported fever (Temp ≥38C or 100.4F) 
‐ Age 7‐60 days 

Exclusion Criteria: 
‐ Evidence of focal infection 
‐ Significant chronic comorbid condition (e.g. congenital heart disease, neuromuscular disease, 

genetic/chromosomal abnormality, lung disease, etc. 
‐ Severe ill‐appearance or need for ICU care 

 

Febrile Infant 7-28 Days Emergency Department Order Set 
☒Initial Evaluation (all infants) 

☒Vital Signs/Monitoring 
                    Call provider if:  

  ☒ HR: 80 – 205 

☒RR: 30 – 60 

☒SBP <60 

☒Oxygen saturation <90% 

☒Nutrition (check one):  

☐Formula: _________ (type); ______ (ounces); every ______ (hours) 

☐Breast Milk 

☐Mother’s tray (if mom breastfeeding) 

☐NPO 

  ☒Nursing (check all that apply) 

    ☐ Lumbar puncture set up 

    ☐ Suction by nurse prn 

    ☐ IV placement 

    ☐ Saline lock 

  ☒Laboratory/Radiology Evaluation 

    ☒Urinalysis and urine culture via catheter 

    ☒CBC with differential/band count 

    ☒Blood culture 

    ☐C‐reactive protein (if procalcitonin not available) 

    ☐Serum procalcitonin 

    ☐ If respiratory symptoms: 

      ☐Rapid RSV 

      ☐Rapid influenza 

      ☐Respiratory viral panel 

      ☐Chest X‐ray 
 
Additional evaluation (recommended for all high‐risk infants and infants who will receive antibiotics): 

☐Cerebrospinal fluid studies: 

  ☐Cell count and differential 

  ☐Protein 

  ☐Glucose 

  ☐Bacterial culture 

  ☐Enterovirus PCR 

  ☐Gram Stain (GS) 



 
For Infants at Risk for HSV (see HSV checklist): 

☐Basic metabolic panel/Chem 7 

☐Hepatic Function Panel 

☐HSV 1/2 CSF PCR 

☐HSV 1/2 serum PCR 

☐Viral surface culture for HSV Site: conjunctiva, eye 

☐Viral surface culture for HSV Site: mouth 

☐Viral surface culture for HSV Site: perianal 

☐Viral surface culture for HSV Site: vesicle (if present) 
 
Medications 

☐ Ampicillin 50mg/kg, IV, one time only 

☐ Cefotaxime 50mg/kg IV, one time only 

☐ Gentamicin 4mg/kg IV, one time only 

☐ Acyclovir 20mg/kg IV, one time only 
 

Febrile Infant 7-28 Days Inpatient Order Set 
☒Initial Evaluation (all infants) 

☒Vital Signs/Monitoring 
                    Call provider if:  

  ☒ HR: 80 – 205 

☒RR: 30 – 60 

☒SBP <60 

☒Oxygen saturation <90% 
 

☒Nutrition (check one):  

☐Formula: _________ (type); ______ (ounces); every ______ (hours) 

☐Breast Milk 

☐Mother’s tray (if mom breastfeeding) 

☐NPO 

  ☒Nursing (check all that apply) 

    ☐ Lumbar puncture set up 

    ☐ Suction by nurse prn 

    ☐ IV placement 

    ☐ Saline lock 

  ☐Laboratory/Radiology Evaluation 

    ☐Urinalysis and urine culture via catheter 

    ☐CBC with differential/band count 

    ☐Blood culture 

    ☐C‐reactive protein (if procalcitonin not available) 

    ☐Serum procalcitonin 

    ☐ If respiratory symptoms: 

      ☐Rapid RSV 

      ☐Rapid influenza 

      ☐Respiratory viral panel 

      ☐Chest X‐ray 
 
 
 
 



Additional evaluation (recommended for all high‐risk infants and infants who will receive antibiotics): 

☐Cerebrospinal fluid studies: 

  ☐Cell count and differential 

  ☐Protein 

  ☐Glucose 

  ☐Bacterial culture 

  ☐Enterovirus PCR 
 
For Infants at Risk for HSV (see HSV checklist): 

☐Basic metabolic panel/Chem 7 

☐Hepatic Function Panel 

☐HSV 1/2 CSF PCR 

☐HSV 1/2 serum PCR 

☐Viral surface culture for HSV Site: conjunctiva, eye 

☐Viral surface culture for HSV Site: mouth 

☐Viral surface culture for HSV Site: perianal 

☐Viral surface culture for HSV Site: vesicle (if present) 
 
Medications 

☐ Ampicillin 50mg/kg, IV, q6H 

☐ Cefotaxime 50mg/kg IV, q6H 

☐ Gentamicin 4mg/kg IV, q24H 

☐ Acyclovir 20mg/kg IV, q8H 



Project REVISE Sample Order Set: Febrile Infant 29 – 60 Days 

SCOPE: 

Inclusion Criteria: 
‐ Otherwise healthy infants with documented or parent reported fever (Temp ≥38C or 100.4F) 
‐ Age 7‐60 days 

Exclusion Criteria: 
‐ Evidence of focal infection 
‐ Significant chronic comorbid condition (e.g. congenital heart disease, neuromuscular disease, 

genetic/chromosomal abnormality, lung disease, etc. 
‐ Severe ill‐appearance or need for ICU care 

 

Febrile Infant 29-60 Days Emergency Department Order Set 
☒Initial Evaluation (all infants) 

☒Vital Signs/Monitoring 
Call provider if:  

  ☒ HR: 80 – 205 

☒RR: 30 – 60 

☒SBP <70 

☒Oxygen saturation <90% 

☒Nutrition (check one):  

☐Formula: _________ (type); ______ ounces; every ______ hours 

☐Breast Milk 

☐Mother’s tray (if mom breastfeeding) 

☐NPO 

  ☒Nursing (check all that apply) 

    ☐ Lumbar puncture set up 

    ☐ Suction by nurse prn 

    ☐ IV placement 

    ☐ Saline lock 

  ☒Laboratory/Radiology Evaluation 

    ☒Urinalysis and urine culture via catheter 

    ☒CBC with differential/band count 

    ☒Blood culture 

    ☐C‐reactive protein (if procalcitonin not available) 

    ☐Serum procalcitonin (if available) 

    ☐ IF respiratory symptoms: 

      ☐Rapid RSV 

      ☐Rapid influenza 

      ☐Respiratory viral panel 

      ☐Chest X‐ray 
 
 
 
 
 
 
 



Additional evaluation (recommended for all high‐risk infants and infants who will receive antibiotics): 

☐Cerebrospinal fluid studies: 

  ☐Cell count and differential 

  ☐Protein 

  ☐Glucose 

  ☐Bacterial culture 

  ☐Enterovirus PCR 

  ☐Gram Stain (GS) 
 
For Infants at Risk for HSV (see HSV checklist for infants 29‐60 days old): 

☐Basic metabolic panel/Chem 7 

☐Hepatic Function Panel 

☐HSV 1/2 CSF PCR 

☐HSV 1/2 serum PCR 

☐Viral surface culture for HSV Site: vesicle (if present) 
 
Medications 

☐ Ampicillin 50mg/kg, IV, one time only 

☐ Cefotaxime 50mg/kg IV, one time only 

☐ Ceftriaxone 50mg/kg IV, one time only 

☐ Gentamicin 4mg/kg IV, one time only 

☐ Acyclovir 20mg/kg IV, one time only 
 

Febrile Infant 29-60 Days Inpatient Order Set 
☒Initial Evaluation (all infants) 

☒Vital Signs/Monitoring 
     Call provider if:  

  ☒ HR: 80 – 205 

☒RR: 30 – 60 

☒SBP <70 

☒Oxygen saturation <90% 

☒Nutrition (check one):  

☐Formula: _________ (type); ______ ounces; every ______ hours 

☐Breast Milk 

☐Mother’s tray (if mom breastfeeding) 

☐NPO 

  ☒Nursing (check all that apply): 

    ☐ Lumbar puncture set up 

    ☐ Suction by nurse prn 

    ☐ IV placement 

    ☐ Saline lock 

  ☐Laboratory/Radiology Evaluation: 

    ☐Urinalysis and urine culture via catheter 

    ☐CBC with differential/band count 

    ☐Blood culture 

    ☐C‐reactive protein (if procalcitonin not available) 

    ☐Serum procalcitonin 

    ☐ If respiratory symptoms: 



      ☐Rapid RSV 

      ☐Rapid influenza 

      ☐Respiratory viral panel 

      ☐Chest X‐ray 
 
Additional evaluation (recommended for all high‐risk infants and infants who will receive antibiotics): 

☐Cerebrospinal fluid studies: 

  ☐Cell count and differential 

  ☐Protein 

  ☐Glucose 

  ☐Bacterial culture 

  ☐Enterovirus PCR 
 
For Infants at Risk for HSV (see HSV checklist): 

☐Basic metabolic panel/Chem 7 

☐Hepatic Function Panel 

☐HSV 1/2 CSF PCR 

☐HSV 1/2 serum PCR 

☐Viral surface culture for HSV Site: vesicle (if present) 
 
Medications: 

☐ Ampicillin 50mg/kg, IV, q6H 

☐ Cefotaxime 50mg/kg IV, q6H 

☐ Ceftriaxone 50mg/kg IV, q12H 

☐ Gentamicin 4mg/kg IV, q24H 

☐ Acyclovir 20mg/kg IV, q8H 



Febrile Neonate 
7 to 28 days of age

Is patient well 
appearing?

Obtain:
 UA and urine culture
 CBC with diff
 Blood Culture
 Resp viral testing (if resp sx)
 CRP (or PCT)

Complete Bacterial 
Infection Checklist

Clinical 
decision to administer 

antibiotics?

Administer antibiotics

Perform lumbar puncture
Administer antibiotics

Admit patient

Complete HSV Checklist

Is the 
patient at low or high risk 

for a bacterial 
infection?

Is the 
patient at low or high 

risk for an HSV 
infection?

Obtain HSV surface and vesicle 
cultures and CSF PCR 

Administer antibiotics and 
acyclovir

No

High risk

Yes

Low risk

Admit patient

No

High 
risk

Bacterial Infection Checklist
YES NO
 O O Born at less than 37 weeks 

gestation?
 O O History of prior hospitalization?
 O O Prolonged newborn nursery course?
 O O Is CBC WBC less than 5000/cc or 

greater than 15,000/cc?
 O O UA positive for nitrites, 

leukesterase, or WBC >5/HPF?
 O O Are bands >1500/cc?
 O O Is either the CRP or PCT elevated?
 O O Does the child have a chronic 

illness?
 O O Received antibiotics prior to this 

visit?
 O O History of unexplained 

hyperbilirubinemia?

If any “Yes” proceed to High Risk Bacterial 
infection recommendations

Full Sepsis Evaluation 
HSV Risk Assessment

Admit

Continue high risk 
infection 

management and 
observe

Low 
risk

Observe pending PCR and viral 
culture results 

Inpatient Discharge Disposition

Admit for observation
Off antibiotics

Perform lumbar puncture

Yes

Herpes Simplex Virus (HSV) Checklist
YES NO
 O O  Maternal history of HSV (prior disease or active  

lesions)?
 O O  History of seizures or seizures during the evaluation
 O O  Vesicles on skin exam (including scalp)
 O O  CSF with pleocytosis for age?

If any “Yes” proceed to HSV High Risk recommendation
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Bacterial Infection Checklist
YES NO
 O O  Born at less than 37 weeks gestation?
 O O  History of prior hospitalization?
 O O  Prolonged newborn nursery course?
 O O  Is CBC WBC less than 5,000/cc or 

greater than 15,000/cc?
 O O  UA positive for nitrites, Leuk esterase, 

or WBC >5/HPF?
 O O  Are bands >1500/cc?
 O O  Does the child have a chronic illness?
 O O  Received antibiotics prior to this visit?
 O O  History of unexplained 

hyperbilirubinemia?

If any “Yes” proceed to High Risk Bacterial 
infection recommendations

Ambulatory Discharge Disposition Checklist

YES NO
 O O  Are the parents comfortable with 

monitoring their child at home?
 O O  Do the parents have reliable means of 

Receiving communication from the 
hospital/ED?

 O O  Can bacterial culture results be followed
daily by the hospital/ED?

 O O  Can the patient follow-up with their PCP
 in 24 hours?

If any “No” admit the patient.

Febrile Infant 
29 to 60 days of age

Is patient 
well 

appearing?

Obtain:
 UA and urine culture
 CBC with diff
 Blood Culture
 Resp viral testing (if resp sx)
 CRP (or PCT)

Complete Bacterial 
Infection Checklist

Clinical 
decision to 
administer 
antibiotics?

Administer antibiotics

Perform lumbar puncture
Administer antibiotics

Admit patient

Complete HSV Checklist

Is the 
patient at low or high risk 

for a bacterial 
infection?

Herpes Simplex Virus (HSV) Checklist
YES NO
 O O  Maternal history of HSV (prior disease or active  

lesions)?
 O O  History of seizures or seizures during the evaluation
 O O  Vesicles on skin exam (including scalp)
 O O  CSF with pleocytosis for age?

If any “Yes” proceed to HSV High Risk recommendation

Is the 
patient at low or high 

risk for an HSV 
infection?

Obtain HSV surface and vesicle 
cultures and CSF PCR 

Administer acyclovir

No

High risk

Yes

Low risk

Admit patient

No

High 
risk

Full Sepsis Evaluation 
HSV Risk Assessment

Admit

Continue 
high risk infection 

management 
and observe

Low 
risk

Observe pending PCR and 
viral culture results 

Inpatient Discharge Disposition

Perform lumbar puncture

Yes

Should the patient 
be discharged?

Discharge patientYes
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Children’s Mercy Fever App 
Instructions on how to download the app and use it in practice will be provided during the next live learning session  

webinar – December 8, 2016. Screenshots of the app are provided below.  
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Reducing Excessive Variability in Infant Sepsis Evaluation (revise) 
Quality Improvement Project

Informational Webinar 
September 6, 2016

10am PT/11am MT/12pm CT/1pm ET 

SLIDES SHARED WITH PERMISSION FROM EBIONDI, KROBERTS, LSCHROEDER “REVISE: INFORMATIONAL WEBINAR” ORIGINALLY PRESENTED 09/06/16 TO THE VIP NETWORK PROJECT REVISE QI PROJECT TEAMS

Agenda
Agenda Item Presenter

Welcome and introductions  AAP Staff

 Background Roberts

 About the VIP Network 
 Project Aim 
 Method for setting metrics 
 Review of metrics
 Project Timeline
 What to Expect 
 Change Package 
 Expert Mentors

Biondi

 Team Composition
 Site Selection & After Selection
 Benefits of participation 

Schroeder

 Immediate next steps 
 Contact Information 

AAP Staff
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Welcome & Introductions: Today’s Speakers

Eric Biondi, MD, FAAP
Project Leader

Eric_Biondi@URMC.Rochester.edu

Kenneth Roberts, MD, FAAP
REVISE Project Advisor

Lisa Schroeder, MD, FAAP
Expert Group Member
lschroeder@cmh.edu

Background
Fever in infants is very common resulting in trips to the hospital and/or 

emergency room

The clinical management of fever in infants has been a topic of much ambiguity 
for decades 

Despite available research, fever management remains extremely variable from 
hospital to hospital

This collaborative improvement project seeks to build a national QI collaborative 
designed to improve and standardize care for febrile infants between the ages 

of 7 to 60 days
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About the Value in Inpatient Pediatrics (VIP) Network 

An informal group of pediatric hospitalists 

Most research conducted in free‐standing children’s hospitals attached to 
academic medical centers; 70% of children are cared for in NON‐children’s 
hospitals ‐ these 70% deserve the same access to collaborative data and 

quality of care afforded in children’s hospitals

Build an inclusive pediatric 
inpatient collaboration for 
clinicians in order to provide 
all hospitalized children the 
most efficient, safe, and 

evidence based healthcare

Begin with addressing 
overtreatment in 

pediatrics

Do so through peer 
group benchmarking 
sharing common 
experiences

Power of the VIP 
Network lies in creating 

Improvement

Collaboratives focused 
on identifying best 

practices and 
disseminating 
knowledge

Project Aim
Provide multi‐disciplinary teams with quality improvement education and tools 
specific to management of children with fever to increase compliance with the 
evidence‐based research and thereby decrease overuse of non‐evidence‐
based therapies and tests. 
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Determining Project Metrics: Meet the REVISE Expert Group

Julia Arana, MD, FAAP 
Eric Biondi, MD, FAAP  Lisa Schroeder, MD, FAAP 

Beth Natt, MD, FAAP 

Matthew Garber, MD, FAAP 

Matt Hall, PhD 

Russell McCulloh, MD, FAAP 

Jeff Bennett, MD, FAAP Jennifer Light, MD, FAAP 
Alan Schroeder, MD, FAAP 

Benj Barsotti, MD, FAAP 

Thank you to Kenneth Roberts, MD, FAAP and Robert Pantell, MD, FAAP  who served as project advisors!

Inclusion and Exclusion Criteria
Inclusion Criteria Exclusion Criteria

 Age 7 through 60 days 
 Evaluated in site ED or 

transferred to site inpatient unit 
from an outpatient setting

 Evaluated for fever without a 
source

 Discharged from site ED or 
inpatient unit 

 Infant was not well‐appearing on 
presentation 

 Co‐morbid conditions predisposing to 
severe or recurrent bacterial illness, 
including genetic, congenital, 
chromosomal, neuromuscular, or 
neurodevelopmental abnormalities.

 Transfer to or from site inpatient 
hospital from another inpatient 
setting
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Reduce length of hospitalization for infants who are hospitalized to <30 hours for infants who are low risk and <42 hours 
for infants who are not low risk (80% target allows for infants who are ultimately diagnosed with bacterial infection as 
well as extenuating circumstances e.g. parent couldn’t pick up until after work)

Increase the proportion of hospitalized infants who are hospitalized appropriately (90% target)

Increase the proportion of infants who have a urinalysis (UA) performed via any method of collection on the first 
day of encounter (95% target)

Decrease the proportion of infants who get a chest x‐ray (CXR) within 24 hours of presentation without 
documented respiratory symptoms (90% target)

Increase use of recommended empiric antibiotic regimens within 24 hours of presentation (90% target allows for infants 
who have labs suggestive of resistant infections) 

Balancing Measure 

Missed serious bacterial infection: Decrease proportion of 
patients diagnosed within 7 days of treat and release or 
discharge with UTI, bacteremia or meningitis (<2%)
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Overall Project Timeline (Tentative) 
Application Process:

 Form core 
improvement team 
and determine roles 
of each member

 Attend informational 
webinar (optional)

 Complete and submit
project application by 
mid to late September

Pre‐work Period:
 Gain hospital leadership buy‐in to 

project participation 
 Obtain local IRB approval (if necessary)
 Sign Consent Form
 Remit payment for participation as 

outlined in consent form
 Participate in orientation webinar
 Watch data entry webinar offered by 

QIDA (required for Group Administrator)
 Submit 12‐month retrospective baseline 

data in QIDA (representing September 
2015 – August 2016 charts)

 Complete Pre‐project survey
 Participate in 1‐2 webinars (QI Basics 

and Introduction to the Change Package)

Action/Intervention Period:
 Participate in up to 10 periodic 

learning session webinars 
 Collect monthly data for 12 

months between December 
2016 – November 2017

 Test changes using PDSA cycles
 Provide feedback on tools 

W
ra
p
‐u
p
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 D
at
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n
al
ys
is
 

(F
e
b
ru
ar
y 
–
M
ar
ch
 2
0
1
8
)

September October ‐ December January 2017 – January 2018

What to Expect: Baseline Data Collection 

Complete Pre‐Project 
Survey

Participate in a Project & 
QI orientation, and 

Change Package Learning 
Session Webinars

Group Administrator will 
view an on‐demand 
webinar detailing the 
data entry process in 

QIDA (QIDA Webinar for 
Group Administrators)

Baseline Data

• Minimum 24 – Maximum 240 charts
• 12 months of retrospective data, in 1 month increments representing September 2015 – August 2016 
• Group Administrator will enter data, but collection is responsibility of the whole team
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What to Expect: 12-month Action Period 
(18-month complete project with 6 months pre/post work) 

Learn the Model for Improvement and implement 
Plan, Do, Study, Act (PDSA) cycles

Make appropriate changes in the structure of 
how inpatient fever care is delivered to patients

Regularly collect and submit data to monitor 
changes

What to Expect: 12-month Action Period
(18-month complete project with 6 months pre/post work) 

D
at
a 
C
o
lle
ct
io
n
 

•12 months of 
data collection 
entered in 
monthly 
increments 
during the action 
period 

•100% of eligible 
chart or minimum 
of 2 and 
maximum of 20 
charts monthly

• Time period: 
December 2016 –
November 2017

W
e
b
in
ar
s •Opportunity to 

participate in up 
to 10 live and/or 
pre‐recorded 
learning session 
webinars

Su
rv
ey
s •Complete 1 pre 

survey after 
acceptance into 
the project.

• Complete 1 post 
survey at the end 
of the project

Ex
p
e
rt
 M

e
n
to
rs •The mentors will 

be assigned 
based on various 
factors including 
QI knowledge, 
specific areas of 
interest for 
intervention, 
hospital type, etc.

• Communicate 
with your mentor 
throughout the 
project via email 
or phone.

C
o
lla
b
o
ra
ti
o
n
 

•Share lessons 
learned and 
problems solved 
with other 
participating 
hospitals through 
a project‐
dedicated e‐mail 
listserv
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ABP MOC Part 4 Credit (If Approved)
Physicians in the hospital who are not on 
the core improvement team, but who are 
actively participating in the project, can 
receive credit if they meet the required 
criteria outlined by the project

ED Physicians will also be eligible for 
credit

Lead hospitalist on core improvement 
team must attest for these physicians. 
The project requires co‐leadership by an 
ED physician but only one leader serves 
as the local leader for ABP MOC. 

VIP Network/QuIIN project leader will 
attest for the lead physicians

Additional details will be provided if 
approval is granted

Change Package Resources & Tools

Order Sets

Pathways / 
Algorithms

Education

Fever App 
for iPhone 

and 
Android

Shared 
Group 
Norming
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Expert Mentors
Each site will be matched with at least one more site and be 
assigned an expert mentor based on various criteria such as 
individual and collective goals/interests. 

They will provide project mentorship, suggest ideas for 
implementation, and assist with any issues that arise via periodic          
e‐mail exchanges and as needed by phone. 

Team Composition 
Core team of 3 participants as “Quality Improvement Project Participants”

• Project must be co‐led by one hospitalist and one emergency department physician

• May have one additional non‐core team members that participate at site (preferably non‐physician)

Responsibilities of the core team

• Obtain buy‐in from hospital leadership

• Obtain IRB approval (or data sharing/use/transfer agreement) at local site if needed 

• Attend webinars

• Receive and provide direct communication with project leaders and AAP staff via project‐specific listserv

• Disseminate learnings from project to non‐core team members at site 

• Data collection/entry

• If appropriate, participate in the VIP business meeting in at the 2017 annual Pediatric Hospital Medicine 
(PHM) Conference 
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Hospital Site Selection Criteria 
 All applications received will be reviewed by the review team 

 Up to 100 pediatric hospital teams will be selected, representing geographically diverse 
locations, sizes, and hospital types

 An emphasis will be placed on sites that identify a multi‐disciplinary core improvement 
team including having a hospitalist and ED physician lead the project

 Applicants are expected to have identified a team and obtain the commitment of the senior 
leadership to support this project

 Priority will be given to those applications that are submitted by the specified deadline in 
the recruitment announcement. Due to the anticipated popularity of this project 
recruitment will be open until the specified deadline or until 100 eligible teams have been 
identified – whichever occurs first. 

After Selection 
All core improvement team members will be asked to sign a consent form and 
the physician leader will be asked to join the Quality Improvement Innovation 
Networks (QuIIN), a program of the American Academy of Pediatrics (AAP). 

Joining QuIIN is free and easy and requires completion of a simple 
membership application available at http://quiin.aap.org.
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Benefits of Participation 

Be a part of a nationally 
recognized project

Test strategies management of 
fever in infants age 7 – 60 days 

Work with colleagues from around 
the country in a quality 
improvement learning 
collaborative

Learn from national experts with 
content expertise throughout a 
12‐month action period, and 
receive ongoing support for 
improvement

Receive American Board of 
Pediatrics Part 4 Maintenance of 
Certification credit if you meet the 
minimum criteria (Physicians only) 
(pending approval) 

Immediate Next Steps 

Identify team leads (hospitalist and 
emergency department physician)

Identify 1 additional core team 
member (multi‐disciplinary) 

Obtain local leadership buy‐in 
Determine if local IRB approval is 
required

Complete recruitment application in 
Survey Monkey by specified 
deadline (or sooner) as noted in the 
recruitment materials. 
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Project Contacts 

Eric Biondi, MD, FAAP 
Project Leader 
Eric_Biondi@URMC.Rochester.edu

Faiza Wasif, MPH 
QuIIN Project Manager
fwasif@aap.org
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Reducing Excessive Variability in Infant Sepsis Evaluation (revise) 
Quality Improvement Project

Live Webinar #1: Orientation Webinar 
October 31, 2016

3pm ET/2pm CT/1pm MT/12pm PT

SLIDES SHARED WITH PERMISSION FROM EBIONDI, RMCCULLOH, BBARSOTTI “REVISE: ORIENTATION WEBINAR” ORIGINALLY PRESENTED 10/31/16 TO THE VIP NETWORK PROJECT REVISE QI PROJECT TEAMS

Agenda
Agenda Item Presenter

Welcome and introductions  Faiza Wasif, MPH

Project Overview Eric Biondi, MD, FAAP 

Inclusion/Exclusion Criteria

Metric Evidence

Overview of Chart Review Tool 

Brief Introduction to QIDA

Brief Introduction to the Change Package Russell McCulloh, MD, FAAP 
Benj Barsotti, MD, FAAP 

Questions & Answers  Eric Biondi, MD, FAAP 

SLIDES SHARED WITH PERMISSION FROM EBIONDI, RMCCULLOH, BBARSOTTI “REVISE: ORIENTATION WEBINAR” ORIGINALLY PRESENTED 10/31/16 TO THE VIP NETWORK PROJECT REVISE QI PROJECT TEAMS
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Welcome & Introductions: Today’s Speakers

Eric Biondi, MD, FAAP
Project Leader

Russell McCulloh, MD, FAAP
REVISE Expert Group

Benj Barsotti, MD, FAAP
Expert Group Member

SLIDES SHARED WITH PERMISSION FROM EBIONDI, RMCCULLOH, BBARSOTTI “REVISE: ORIENTATION WEBINAR” ORIGINALLY PRESENTED 10/31/16 TO THE VIP NETWORK PROJECT REVISE QI PROJECT TEAMS

133 Teams Participating in Project REVISE
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SLIDES SHARED WITH PERMISSION FROM EBIONDI, RMCCULLOH, BBARSOTTI “REVISE: ORIENTATION WEBINAR” ORIGINALLY PRESENTED 10/31/16 TO THE VIP NETWORK PROJECT REVISE QI PROJECT TEAMS
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How will we manage this large collaborative?

Listserv

Mentors

Email/Phone

Meet Deadlines

SLIDES SHARED WITH PERMISSION FROM EBIONDI, RMCCULLOH, BBARSOTTI “REVISE: ORIENTATION WEBINAR” ORIGINALLY PRESENTED 10/31/16 TO THE VIP NETWORK PROJECT REVISE QI PROJECT TEAMS

Background
Fever in infants is very common resulting in trips to the hospital and/or 

emergency room

The clinical management of fever in infants has been a topic of much ambiguity 
for decades 

Despite available research, fever management remains extremely variable from 
hospital to hospital

This collaborative improvement project seeks to build a national QI collaborative 
designed to improve and standardize care for febrile infants between the ages 

of 7 to 60 days
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Project Aim
Provide multi‐disciplinary teams with quality improvement education and tools 
specific to management of children with fever to increase compliance with the 
evidence‐based research and thereby decrease overuse of non‐evidence‐
based therapies and tests. 
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Overall Project Timeline (Tentative) 
Pre‐work Period:

 Gain hospital leadership buy‐in to project 
participation 

 Obtain local IRB approval (if necessary)
 Remit payment for participation as outlined in 

consent form
 Watch data entry webinar offered by QIDA 

(required for Group Administrator)
 Submit 12‐month retrospective baseline data in 

QIDA (representing September 2015 – August 
2016 charts)

 Complete Pre‐project survey
 Participate in 1‐2 webinars (QI Basics and 

Introduction to the Change Package)

Action/Intervention Period:
 Participate in up to 10 periodic 

learning session webinars 
 Collect monthly data for 12 months 

between December 2016 – November 
2017

 Test changes using PDSA cycles
 Provide feedback on tools 
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Inclusions and Exclusions
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Inclusion and Exclusion Criteria
Inclusion Criteria Exclusion Criteria

 Age 7 through 60 days 
 Evaluated in site ED or 

transferred to site inpatient unit 
from an outpatient setting

 Evaluated for fever without a 
source

 Discharged from site ED or 
inpatient unit 

 Infant was not well‐appearing on 
presentation 

 Co‐morbid conditions predisposing to 
severe or recurrent bacterial illness, 
including genetic, congenital, 
chromosomal, neuromuscular, or 
neurodevelopmental abnormalities.

 Transfer to or from site inpatient 
hospital from another inpatient 
setting
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Methodology for Finding Charts

The remaining charts should be entered into QIDA.

There is no validated way to identify these infants via discharge code, so the process will involve manual 
review to identify infants who were likely to have undergone an evaluation fever in your ED or who were 
transferred to your inpatient unit after/while undergoing such an evaluation from an outside institution.

First, obtain a list of all infants 
evaluated in your ED or admitted 
to your inpatient unit between 
the ages of 7 – 60 days of age. It 

might be helpful to apply 
additional filters depending on 
your institution (e.g. admissions 
only to certain specialties to limit 

the number of unnecessary 
charts). With this list, you should 

also request all discharge 
(and/or treat and release) 
diagnoses for the patient.

Next, exclude any infants who 
did not have a diagnosis 

suggestive of the need for a well‐
appearing, febrile infant workup 

(e.g. diagnoses such as UTI, 
fever, viral illness, sepsis, etc. 

therefore require further manual 
review, but pyloric stenosis, rash, 
etc would not require further 

screening as these infants would 
be excluded from the chart 

review)

Then, exclude any infants with a 
discharge diagnosis (in any 
position) of bronchiolitis

Finally, manually review the 
remaining charts and include any 
who presented as febrile, well‐
appearing infants without a clear 
source of infection. Exclude any:

•Without either a report of fever at 
home or documented fever in the ED.

•Infants who are non‐well appearing 
based on words such as “toxic”, “ill‐
appearing”, “lethargic”, “sick‐
appearing”

•With a focal infection (we are only 
attempting to evaluate well‐appearing, 
febrile infants undergoing an evaluation 
for fever without a clear source)

•With any co‐morbid conditions 
predisposing the infant to severe or 
recurrent bacterial illness
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Metric Evidence
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Determining Project Metrics: Meet the REVISE Expert Group

Julia Arana, MD, FAAP 
Eric Biondi, MD, FAAP  Lisa Schroeder, MD, FAAP 

Beth Natt, MD, FAAP 

Matthew Garber, MD, FAAP 

Matt Hall, PhD 

Russell McCulloh, MD, FAAP 

Jeff Bennett, MD, FAAP

Todd Wiley, MD, FAAP 
Alan Schroeder, MD, FAAP 

Benj Barsotti, MD, FAAP 

Thank you to Kenneth Roberts, MD, FAAP and Robert Pantell, MD, FAAP  who served as project advisors!
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Metric 1: Increase proportion of appropriately hospitalized infants 
Author (year)

Criteria
Age of Infants

Early management detail
n/N (delayed SBI diagnosis/total infant 

at low risk)
Complications

Bonadio, WA (1993)10
Combined clinical and laboratory 
(Milwaukee protocol)
28–56 d

Discharged after injection of ceftriaxon 
(50mg/kg)

1/143 (0.7%)
Bacteremia

None occurred

Bressan, S (2010)47
Well appearing + repeated lab test > 12 hrs
of fever
neonates

All infants were hospitalized upon admission.
5/62 (8.1%)
3 bacteremia; 2 meningitis

No data

Brik, R (1997)58
Combined clinical and laboratory 
(Philadelphia protocol)
0 ‐ 30 d

Low risk infants were treated as outpatient 
treatment without antibiotics

9/296 (3.04%)
1 bacteremia; 7 UTI

No data

Chiu C (1997)57
Combined clinical and laboratory 
(Rochester criteria)
neonates

All low risk infants were hospitalized and closely 
monitored without antibiotics; 44.3% of infants 
were reclassified as high risk on 2nd or 3rd day 
and were given antibiotics

1/131 (0.8%)
UTI

7 day course antibiotics
Recovered with no complications

Jaskiewicz, J (1994)23

Combined clinical and laboratory

Combined clinical and laboratory criteria 
(Rochester criteria)
0 ‐ 60 d

203 (39.7%) of infants were treated without 
antibiotics (this included 4/5 infants with SBI)
Remaining infants were treated with IM 
ceftriaxone and discharged home

5/437 (1.1%)
2 bacteremia; 3 UTI

None occurred

Kaplan, R (2000)55
Combined clinical and laboratory criteria 
(Boston criteria)
28 ‐ 90 d

NR 3/1146 (0.3%) None occurred

McCarthy, CA (1990)70
Combined clinical and laboratory
11–59 d

Discharged after injection of ceftriaxon
(50mg/kg)

1/86 (1.2%) No data

Pantell, R (2005)5

The PROS study (office setting)

Laboratory (75%) and clinical criteria (PROS 
practitioner guidelines)
0 ‐ 90 d

1264 (64%) were treated as outpatients; initially 
treated 57% of infants with antibiotics
unclear how many of these infants had SBI;

2/1975 (0.1 %) None occurred

Wasserman, G (1990)67
Combined clinical and laboratory criteria
0 ‐ 30 d

All infants were hospitalized, 222 (high risk) 
were treated with antibiotics and 221 (low risk) 
received no antibiotics

5/221 (2.3%)
3 infants < 2 weeks of age with 
Bacteremia or bacterial meningitis
2 infants > 2 weeks of age

None occurred

Febrile Infants. Content last reviewed October 2014. Agency for Healthcare Research and Quality, Rockville, MD. 
http://www.ahrq.gov/research/findings/evidence‐based‐reports/er205‐abstract.html
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Metric 1: Increase proportion of appropriately hospitalized infants 
TWO COMPONENTS TO THIS METRIC, MUST FUFILL ALL OF THEM TO GET CREDIT

WORKUP (meant to mimic risk stratification criteria) MUST INCLUDE:

 Urinalysis
 Inflammatory Marker (e.g. CBC, CRP, Procalcitonin)

APPROPRIATE PATIENTS TO ADMIT (meant to mimic risk stratification criteria):
 Less than 30 days at time of presentation
 Abnormal urinalysis
 Abnormal inflammatory marker (e.g. CBC, CRP, Procalcitonin)
 Past medical history or social concern suggestive of need for hospitalization

TARGET: 90%
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Metric 2: Increase the proportion of hospitalized infants who are discharged 
in an appropriate time frame for their risk category 

(low risk <30 hours and non-low risk <42 hours)

9%

75%

9%

24 ‐ 36 (n = 5) 37 ‐ 48 (n = 43) >48 (n = 5)

Hours of Inpatient Observation

Hospitalist Survey of Typical LOS for Febrile, Well‐
Appearing Infants

Biondi E, et al. Peds in Review.  2013;34(3)
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Metric 2: Increase the proportion of hospitalized infants who are discharged 
in an appropriate time frame for their risk category 

(low risk <30 hours and non-low risk <42 hours)

Base and Training 
Periods, N = 4524, n (%)

Implementation Period, N = 
2467, n (%)

Absolute Difference in 
Propositions

Infants admitted 
within 72 h post 
ED discharge

92/1904 (5) 45/927 (5) 0.02% (−1.7% to 1.7%, 1.000)

Readmission 
within 72 h after 
discharge 
inpatient or 
observation unit

21/2620 (0.8) 10/1540 (0.6) −0.2% (−0.7% to 0.4%, .710)

Missed SBI after 
admission

0 0 NA

Byington C, et al. Costs and infant outcomes after implementation of a care process model for febrile infants. Pediatrics. 2012;130(1) 
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Metric 2: Increase the proportion of hospitalized infants who are discharged 
in an appropriate time frame for their risk category 

(low risk <30 hours and non-low risk <42 hours)

TARGET: 80%
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Metric 3: Increase the proportion of infants who have a urinalysis (UA) 
performed via any method of collection within 24 hours of presentation

TARGET: >95%
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Metric 4: Decrease proportion of infants receiving a CXR within 24 hours of 
presentation without documented respiratory symptoms

 Crain EF et al. Is a chest radiograph necessary in the evaluation of every febrile infant less than 8 weeks of age.  Pediatrics 
1991;88:821‐824.
Conclusion: In the absence of resp signs, febrile infants are unlikely to have an abnormal chest radiograph

 Bramson RT et al.  The futility of the chest radiograph in the febrile infant without respiratory symptoms. Pediatrics 1993 
Oct;92(4):524‐526.
Conclusion: Chest radiographs should be obtained only febrile infants who have clinical indications of pulmonary disease.

 Mintegi s et al.  Occult pneumonia in infants with high fever without source: a prospective multicenter study. Pediatr Emerg Care 
2010 Jul; 26(7): 470‐474.
Conclusion: Chest radiographies do not play a role in the routine evaluation of the infant with FWS.

 Hernandez DA and Nguyen Y.  Fever in infants <3 months old:  What is the standard?  Pediatr Emerg Med Reports 2011 Jan; 16(1).
Conclusion: Radiographs should be done only in infants who present with respiratory symptoms, abnormal pulse oximetry, 
hyperpyrexia, or marked leukocytosis

 Baraff LJ. Editorial: Clinical Policy for Children Younger Than Three: Update to ACEP Guidelines. 2013
Conclusion: There is no need for chest radiograph if there are no signs or symptoms of pulmonary infection.
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Metric 4: Decrease proportion of infants receiving a CXR within 24 hours of 
presentation without documented respiratory symptoms

TARGET: <10%
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Metric 5: Increase proportion of infants who receive only recommended 
empiric antibiotic regimens within 24 hours of presentation 

Biondi E, et al. Epidemiology of bacteremia in febrile infants in the U.S. Pediatrics. 2013;132(6).

Overall                     <28 days                  29‐56 days                     56‐89 days             p

Pathogen n (%) Male (%)
Median Age in Days 

(Range) Concurrent UTI (%) Concurrent Meningitis (%)
All Species 181 (100) 91 (50) 34 (3–90) 86/174 (49) 20/152 (13)
E coli 76 (42) 44 (58) 31 (5–87) 69/75 (92)a 5/63 (8)
GBS 41 (23) 18 (44) 36 (11–88) 4/39 (10) 10/37 (27)
S pneumoniae 10 (6) 3 (30) 65 (10–81) 0/9 (0) 1/4 (25)

S aureus 9 (5) 3 (33) 35 (20–58) 1/8 (13)b 0/8 (0)
Klebsiella sp. 8 (4) 5 (63) 30 (11–90) 6/8 (75) 0/7 (0)
Viridans streptococci 8 (4) 5 (63) 34 (7–78) 1/8 (13) 0/7 (0)
Enterococcus sp. 7 (4) 2 (29) 33 (6–71) 1/7 (14) 1/6 (17)
γ-heme Strep. 4 (2) 1 (25) 32 (23–85) 0/3 (0) 0/3 (0)
Salmonella sp. 3 (2) 1 (33) 31 (25–40) 1/3 (33)c 0/3 (0)
S pyogenes 3 (2) 2 (67) 42 (11–74) 0/3 (0) 0/3 (0)
Pseudomonas sp. 2 (1) 1 (50) 25 (11–39) 1/1 (100) 0/1 (0)
Moraxella sp. 2 (1) 2 (100) 86 (84–88) 0/1 (0) 0/2 (0)
Neisseria sp. 2 (1) 0 (0) 54 (33–74) 0/2 (0) 1/1 (100)
CoNS 1 (1) 1 (100) 24 (24) 0/1 (0) 1/1 (100)
Citrobacter sp 1 (1) 1 (100) 21 (21) 1/1 (100) 0/1 (100)
B cereus 1 (1) 1 (100) 28 (28) 0/1 (0) 0/1 (0)
Pantoea sp. 1 (1) 0 (100) 15 (15) 0/1 (0) 1/1 (100)a

H influenzae 1 (1) 1 (100) 3 (3) 0/0 0/1 (0)
Enterobacter sp. 1 (1) 1 (100) 24 (24) 0/1 (0) 0/1 (0)

Bacterial Pathogens Identified From Infants With Bacteremia
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Metric 5: Increase proportion of infants who receive only recommended 
empiric antibiotic regimens within 24 hours of presentation 

TARGET: >90%
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Balancing Measure 

Missed serious bacterial infection: Decrease proportion of 
patients diagnosed within 7 days of treat and release or 
discharge with UTI, bacteremia or meningitis (<2%)
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Quick Review of Baseline Data Collection 
and Intervention Phase/Action Period

SLIDES SHARED WITH PERMISSION FROM EBIONDI, RMCCULLOH, BBARSOTTI “REVISE: ORIENTATION WEBINAR” ORIGINALLY PRESENTED 10/31/16 TO THE VIP NETWORK PROJECT REVISE QI PROJECT TEAMS

What to Expect: Baseline Data Collection 

Complete Pre‐Project 
Survey

Participate in a Project & 
QI orientation, and 

Change Package Learning 
Session Webinars

Group Administrator will 
view an on‐demand 
webinar detailing the 
data entry process in 

QIDA (QIDA Webinar for 
Group Administrators)

Baseline Data

• Minimum 24 – Maximum 240 charts
• 12 months of retrospective data, in 1 month increments representing September 2015 – August 2016 
• Group Administrator will enter data, but collection is responsibility of the whole team
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What to Expect: 12-month Action Period
(18-month complete project with 6 months pre/post work) 

D
at
a 
C
o
lle
ct
io
n
 

•12 months of 
data collection 
entered in 
monthly 
increments 
during the action 
period 

•100% of eligible 
chart or minimum 
of 2 and 
maximum of 20 
charts monthly

• Time period: 
December 2016 –
November 2017

W
e
b
in
ar
s •Opportunity to 

participate in up 
to 10 live and/or 
pre‐recorded 
learning session 
webinars

Su
rv
ey
s •Complete 1 pre 

survey after 
acceptance into 
the project.

• Complete 1 post 
survey at the end 
of the project

Ex
p
e
rt
 M

e
n
to
rs •The mentors will 

be assigned 
based on various 
factors including 
QI knowledge, 
specific areas of 
interest for 
intervention, 
hospital type, etc.

• Communicate 
with your mentor 
throughout the 
project via email 
or phone.

C
o
lla
b
o
ra
ti
o
n
 

•Share lessons 
learned and 
problems solved 
with other 
participating 
hospitals through 
a project‐
dedicated e‐mail 
listserv
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Brief Introduction to the 
Quality Improvement Data Aggregator (QIDA) 
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ABOUT QIDA
 Web‐based data aggregation system

 Secure login for all project participants

 Clinician enter chart data securely by patient or 
in aggregate

 Analyzes data via real time run charts

 Collaboration between project team members

 View project specific resources (workspace) and 
QIDA system documents

SLIDES SHARED WITH PERMISSION FROM EBIONDI, RMCCULLOH, BBARSOTTI “REVISE: ORIENTATION WEBINAR” ORIGINALLY PRESENTED 10/31/16 TO THE VIP NETWORK PROJECT REVISE QI PROJECT TEAMS

ACCESSING QIDA
 To access QIDA, go to the following link: 

http://qidata.aap.org/revise

 For AAP members, you will use your AAP log‐in and password to 
access the site

 For non‐AAP members, an AAP log‐in has been created for you 
and that information will be e‐mailed to you next week 
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GROUP ADMINISTRATOR’S QIDA WEBINAR
 QIDA Orientation Webinar (Open to all team members, required 

for Group Administrators)

 20 minute pre‐recorded webinar 

 Available now at http://youtu.be/BgNSSJc84ak
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Brief Introduction to the Project REVISE 
Change Package
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Change Package Resources & Tools

Order Sets

Pathways / 
Algorithms

Education/Academic 
Detailing

Fever App for 
iPhone and 
Android

Shared Group 
Norming
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Order sets
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Algorithms
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Academic Detailing 
Webinars Relevant Publications
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Fever App 
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Overview of Chart Review Tool
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Project Reminders
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Immediate Next steps 
October 28, 2016 Consent Form due – submit ASAP if deadline was missed! 

November 7 – 11, 2016 Receive invoice from AAP to remit $750.00 payment for participation (90 days to submit) 

November 30, 2016  Pre‐project survey due in Survey Monkey (link to be provided)

Data cycles open in QIDA

Optional webinar #3: Focus on community hospitals 

December 8, 2016 Required Live Webinar #2: Introduction to REVISE Change Package & Collaborating 
Across the Continuum

December 30, 2016 Cycles 1 – 3 of baseline data due in QIDA 

January 20, 2017 Submit MOC Local Leader Acknowledgement form and list of participants seeking MOC 
Part 4 credit (If application is approved) 

January 31, 2017 First cycle of intervention data due in QIDA 

February 28, 2017 Second cycle of intervention data due in QIDA

March 24, 2017 Last day to remit $750.00 payment for participation 
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Project Contacts 

Eric Biondi, MD, FAAP 
Project Leader 

Eric_Biondi@URMC.Rochester.edu

Faiza Wasif, MPH 
QuIIN Project Manager

fwasif@aap.org

Russell McCulloh, MD, FAAP
Project REVISE Change 

Package Contact
rmcculloh@cmh.edu

Benj Barsotti, MD, FAAP
Project REVISE IT/EMR 

Contact
benjaminbarsotti@yvmh.org
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Questions
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Reducing Excessive Variability in Infant Sepsis Evaluation – Project REVISE 
 

PURPOSE 
The management of fever in infants has been a topic of much ambiguity for 
decades. The American Academy of Pediatrics (AAP) Value in Inpatient 
Pediatrics (VIP) Network, an established inpatient pediatric quality 
improvement (QI) network, seeks to build a national QI collaborative 
designed to improve and standardize care for febrile infants between the 
ages of 7 – 60 days. This QI effort will provide inpatient and emergency 
physicians with education about evidence‐based best practice, strategies for 
implementation, and tools to bring about sustainable change.   

 
PROJECT AIMS 
The specific aim of the project is to:  

 Decrease admissions for infants presenting to emergency departments (EDs) with fever who are at low risk of 
bacterial infection 

 Decrease variation in care of febrile infants presenting to the ED and/or hospital 
 Decrease length of stay for infants admitted to the hospital with fever 
 Decrease use of unnecessary chest x‐rays in the care of febrile infants 

 
PATIENT CHART CRITERIA  
In general, the patient population for this project are well‐appearing infants age 7 – 60 days identified with a fever.  

Inclusion Criteria  Exclusion Criteria 

 Well‐appearing infants age 7 through 60 days 
 Evaluated in site ED or transferred to site 
inpatient unit from an outpatient setting 

 Evaluated for fever (T≥38.0 C) without a 
source 

 Discharged from site ED or inpatient unit  

 Infant was not well‐appearing on presentation  
 Co‐morbid conditions predisposing to severe or recurrent 
bacterial illness, including genetic, congenital, chromosomal, 
neuromuscular, or neurodevelopmental abnormalities. 

 Transfer to or from site hospital (except transfer from an 
outpatient setting as noted above)  

PARTICIPATING TEAMS 

133 hospital teams from across the US and internationally are participating in this quality improvement collaborative.  
 

PROJECT TIMELINE 
The project will engage teams between October 2016 – March 2017. Data collection will occur as follows:  

 Baseline (monthly, retrospectively representing data from September 2015 – August 2016): Minimum of 24 or 
maximum of 240 charts representing 12 months  

 Intervention/Action Phase: 12 months of the action/intervention period data divided into monthly increments 
between December 2016 – November 2017 with a minimum of 2 charts or a maximum of 20 charts per month  

 

DATA COLLECTION  
Teams will enter the non‐PHI chart data into a secure web‐based system – the AAP Quality Improvement Data 
Aggregator (QIDA). Only registered team members will have access to the system via a password protected process.  

 
INTERVENTION STRATGIES AND RESOURCES  
Tools to facilitate improvement –  including regular learning session webinars, a change package of resources, and 
project mentors –  will be provided to participating teams. A dedicated project listserv is used to facilitate 
communication between sites. Real‐time, regular reports will be generated to monitor improvement during the project.   



Performance of Low-Risk Criteria in the Evaluation of
Young Infants With Fever: Review of the Literature

WHAT’S KNOWN ON THIS SUBJECT: Fever in neonates is
common. The rate of SBIs in young infants may be as high as 12%.
Low-risk criteria have been developed to aid in management
decisions for well-appearing, febrile young infants.

WHAT THIS STUDY ADDS: Although the total risk of SBI in febrile
young infants in this review was 10.9%, low-risk criteria allowed
30% of these patients to be treated safely without empiric
antibiotic therapy.

abstract
OBJECTIVE: The goal was to determine the performance of low-risk
criteria for serious bacterial illnesses (SBIs) in febrile infants in pro-
spective studies in which empiric antibiotic treatment was withheld,
compared with studies (prospective and retrospective) in which em-
piric antibiotic treatment was administered.

METHODS: A search of the English-language literaturewas undertaken
by using a PubMed database and reference lists of relevant studies of
fever, low-risk criteria, and SBIs. Studies of infants �90 days of age,
infants with specific infections, or infants with additional risk factors
for infection were excluded. Publications were categorized as retro-
spective, prospective with empiric antibiotic treatment for all patients,
or prospective with antibiotics withheld. The relative risk of SBI in
high-risk versus low-risk patients was determined for pooled data in
each category. The rates of SBIs in low-risk patients in each category
were compared.

RESULTS: Twenty-one studiesmet the inclusion criteria. In prospective
studies in which patients were cared for without empiric antibiotic
treatment, 6 patients assigned to the low-risk category had SBIs; all
recovered uneventfully. The rate of SBIs in these low-risk patients was
0.67%. The relative risk of SBIs in high-risk versus low-risk patients in
these studies was 30.56 (95% confidence interval: 7.0–68.13). The rate
of SBIs in low-risk patients in all studies was 2.23%. The rate of SBIs in
low-risk patients in the prospective studies without empiric antibiotic
treatment was significantly different from the rate in all other studies
(0.67% vs 2.71%; P� .01).

CONCLUSIONS: Low-risk criteria perform well in prospective studies
in which empiric antibiotic treatment is withheld. These criteria allow
�30% of young febrile infants to be observed without antibiotic treat-
ment, thus avoiding unnecessary hospitalization, nosocomial infection,
injudicious use of antibiotics, and adverse effects of antibiotics.
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Fever in very young infants is a com-
mon and important problem. Neonates
have unique vulnerabilities to infection
because of their immature immune
systems and incomplete barriers to in-
vasion. The rate of serious bacterial ill-
nesses (SBIs) in young febrile infants
has been reported to be between 8.5%
and 12%.1–3

Before 1985, it was recommended that
all febrile infants (�60 days of age) be
hospitalized and treated with paren-
teral antibiotic therapy after a full sep-
sis evaluation, because various crite-
ria used to identify “high-risk” infants
were insufficiently sensitive to identi-
fy all infants with SBIs.4–6 However, the
approach of hospitalizing and treating
all febrile young infants with empiric
antibiotic therapy had the disadvan-
tages of unnecessary hospitalizations,
nosocomial infections, injudicious use
of antibiotics, emergence of resistant
bacteria, and adverse effects of
antibiotics.7,8

During the late 1980s and early 1990s,
investigators changed strategies and
attempted to identify febrile infants
who were at low risk for SBIs and
might be treated with close observa-
tion (inpatient or outpatient) without
antibiotic treatment.3,9–16 After the de-
velopment of various low-risk criteria,
several groups undertook studies to
validate the criteria in their own popu-
lations.17–27 The designs of those stud-
ies alternated between retrospective
and prospective, with variable ap-
proaches to empiric use of ceftriax-
one. We hypothesized that prospective
studies that implemented a strategy of
observation without antibiotic treat-
ment for low-risk infants, thereby rely-
ing on meticulous evaluation and
careful decision-making, would show
significantly better performance of
low-risk criteria than would studies
that continued to treat all patients
(prospectively or retrospectively), re-
gardless of risk stratification.

METHODS

We searched the English-language lit-
erature for original articles studying
low-risk criteria for SBIs in febrile in-
fants between 0 and 90 days of age. A
National Library of Medicine PubMed
database search for articles was per-
formed by using combinations of the
following search terms: “low risk crite-
ria,” “criteria,” or “risk”; “serious
bacterial illness,” “serious bacterial
infection,” “bacterial infection,” or
“bacteremia”; and “fever” or “fever
without source”.Studies were limited
to humans, infants, and publication af-
ter 1985.

The search criteria identified 740 arti-
cles. Bibliographic references from
the relevant studies (original research
and review articles) were reviewed for
additional citations. Articles were ex-
cluded on the basis of abstracts if they
focused on infants �90 days of age,
patients with underlying conditions
(such as patients with sickle cell dis-
ease, neutropenia,malignancy, central
vascular catheters, or other immuno-
compromised states), or patients with
a single focus of bacterial infection
(eg, urinary tract infection [UTI] or
meningitis). Sixty-three publications
were reviewed carefully for inclusion
criteria, definition of SBIs, and evalua-
tions performed for study patients.
The components of the low-risk crite-
ria used in each study were reviewed
and compared with the original Roch-
ester Criteria9 (Tables 1 and 2). Stud-
ies with overlapping subjects were
excluded.

Articles were grouped according to
type of study, and total patients were
aggregated. The categories of studies
were prospective without antibiotic
treatment of low-risk infants, prospec-
tive with antibiotic treatment of low-
risk infants, and retrospective.

Portions of studies using different
management plans for low-risk infants
were classified accordingly. Data were

extracted from the tables and text of
each study and included the number of
low-risk infants, the number of high-
risk infants, the number of SBIs in each
group, types of SBIs, and the outcomes
of low-risk infants with SBIs. The
random-effects method described by
DerSimonian and Laird28 was used to
estimate overall relative risks (RRs)
and corresponding 95% confidence in-
tervals (CIs). This method accounts for
the heterogeneity of studies through a
statistical parameter representing in-
terstudy variation.

Heterogeneity between studieswas as-
sessed by using the Q statistic, as well
as graphic techniques. The �-binomial
model for overdispersed data29 was
used to estimate pooled rates of SBIs
for low- and high-risk patients. Com-
parison of pooled rates between
groups was performed by using a like-
lihood ratio test. Linear regression
analysis was used to evaluate the
trend in the proportions of infants des-
ignated as being at low risk over time.

RESULTS

Twenty-one studies met inclusion cri-
teria; 14 were prospective studies (Ta-
bles 3 and 4) and 7 were retrospective
(Table 5).3,9–27,30 Among the prospective
studies, 9 treated low-risk patients em-
pirically with antibiotics, 4 monitored
low-risk patients without antibiotic
treatment, and 1 used both strategies.

TABLE 1 Rochester Criteria for Infants at Low
Risk of SBIs9,27

1. Previously healthy term infant without
perinatal complications and with no previous
antibiotic treatment
2. Normal physical examination findings
(including no otitis media)
3. White blood cell count: 5000–15 000 cells per
mm3

4. Band count:�1500 cells per mm3

5. Urinalysis:�10 white blood cells per high-
power field in centrifuged catheterized
specimen
No comment about stool

Reference 9 established the original Rochester criteria.
Reference 27 used identical laboratory criteria and
slightly different inclusion criteria.

ARTICLES
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The type of low-risk criteria was cate-
gorized, with 10 studies using varia-
tions of the Rochester criteria, 6 stud-
ies using Philadelphia criteria (2
comparing Rochester criteria with
Philadelphia criteria), 2 studies using
Boston criteria, 1 study using Pitts-
burgh criteria, 1 study using Milwau-
kee criteria, and 3 studies using “clin-
ical impression of sepsis” or “not ill”
descriptions (Tables 1 and 2). Studies
were performed between 1979 and
1999. One study12 included only chil-
dren in the low-risk category, without a
high-risk comparison group. Fever

was defined as a temperature of
�38.2°C in 1 study,11�38.1°C in 3 stud-
ies,15,20,27 and�38.0°C in the rest of the
studies.

SBIs included bacteremia, meningitis,
bacterial diarrhea, pneumonia, and
UTIs.31 The defining characteristics for
each type of infection varied slightly
between the studies, most notably in
the definition of UTI. Two studies ac-
cepted bagged urine specimens for
culture, resulting in 8 diagnoses of
UTIs in low-risk patients.13,19 Ten stud-
ies diagnosed UTIs in patients with

catheterized urine cultures with
�50 000 colony-forming units of a single
organism per milliliter.11,12,14,17,18,20–23,25

Four studies provided no microbio-
logic definition of UTI or description of
urine collection methods.3,15,16,30 An-
other variation was the inclusion of
pneumonia as a SBI without microbio-
logic documentation. All infants stud-
ied were between 0 and 90 days of age.
Six studies included only infants in the
first month of life, and 4 studies ex-
cluded infants in the first month of life.
The majority of studies were limited to
the first 2 months of life, with 6 studies
extending to 3 months.

A summary of the prospective studies
in which patients underwent observa-
tion alone is shown in Table 3.10,11,18,19,22

A total of 1858 patients were included,
and 870 were classified as being at low
risk. Six patients with SBIs were
missed, including 2 patients with bac-
teremia and 4 patients with UTIs. The
first child with bacteremia received
parenteral antibiotic treatment within
24 hours after presentation and recov-
ered uneventfully.11 The identity of the
organism was not noted. The second
child had a blood culture positive for
Yersinia enterocolitica and fared well
after treatment.18 The authors noted
that a confirmatory culture was not
performed before initiation of treat-
ment. Three urine specimens obtained
with sterile technique yielded either
group B streptococcus or Escherichia
coli.18 Those patients fared well with
treatment. One urine specimen col-
lected by bag yielded E coli.19

TABLE 2 Variations of Rochester Criteria

Type of Low-Risk Criteria Differences From Original Rochester Criteria References

Rochester 2 If diarrhea,�5–10 WBCs per high-power field in
stool

10, 17, 18, 20, 30

Modified Rochester Normal inflammatory markers (C-reactive protein
levels or ESR)

13, 19, 21

Milwaukee CSF:�10 WBCs per mm3; WBC count:�15 000
cells per mm3 (no band criteria); urinalysis:
�5–10 WBCs per high-power field, no bacteria;
urine dipstick: negative LE/nitrite

14

Philadelphia Infant observation score33:�10; WBC count:
�15 000 cells per mm3 (no band criteria);
urinalysis:�10 WBCs per high-power field, few
or no bacteria; CSF:�8 WBCs per mm3, no
bacteria, nonbloody

11

Philadelphia 2 WBC count:�15 000 cells per mm3; band/
neutrophil ratio:�0.2; CSF:�8 WBCs per mm3,
no bacteria, nonbloody

20, 22–25

Boston WBC count:�20 000 cells per mm3 (no band
criteria); CSF:�10 WBCs per mm3; urinalysis:
�10 WBCs per high-power field, no LE

12, 24

Pittsburgh Enhanced urinalysis:�9 WBCs per mm3, negative
Gram stain results; CSF:�5 WBCs per mm3,
negative Gram stain results (if�6 wk)

26

Impression of sepsis “Not ill” or negative clinical impression of sepsis
(history, physical examination, ESR of�30
mm/h, WBC count of�15 000 cells per mm3)

3, 15, 16

WBC indicates white blood cell; ESR, erythrocyte sedimentation rate; CSF, cerebrospinal fluid; LE, leukocyte esterase. The
infant observation score includes 5 observations, that is, quality of cry, reaction to parent stimulation and state variation,
color, hydration, and response to social overtures, each scored on a scale of 1 to 5.31

TABLE 3 Prospective Studies of Performance of Low-Risk Criteria for SBIs in Young Infants in Which Antibiotics Were Withheld From Low-Risk Patients

Year and
Reference

Criteria Type Age, d No. of
Patients

No. of
High-Risk
Patients

Cases of SBI in
High-Risk
Patients

Rate of SBIs in
High-Risk
Patients, %

No. of Low-Risk
Patients

Cases of SBI in
Low-Risk
Patients

Rate of SBIs in
Low-Risk
Patients, %

198810 Rochester 2 0–56 236 88 21 23.9 148 0 0.00
199311 Philadelphia 29–56 747 460 64 13.9 287 1 0.35
199418 Rochester 2 0–60 203 203 4 1.97
199719 Modified Rochester 4–28 250 119 40 33.6 131 1 0.76
199922 Philadelphia 2 29–60 422 321 43 13.4 101 0 0.00
Total 1858 988 168 20.6 870 6 0.67
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In the rest of the studies summa-
rized in Tables 4 and 5 (prospective
studies in which patients received em-
piric antibiotic treatment and retro-
spective studies), 89 low-risk infants
(2.71%) were diagnosed as having
SBIs. This total included 2 cases of
meningitis (1 with UTI and 1 with bac-
teremia), 22 cases of bacteremia (1
with gastroenteritis and 1 with osteo-
myelitis), 39 cases of UTI, and 14 cases
of gastroenteritis. Twelve cases of SBI
did not have a source identified.

Table 6 shows a comparison of the per-
formance of the low-risk criteria for
SBIs in young infants according to
study design. The overall validity of the
low-risk criteria in pooled studies was
assessed by calculating the RR for SBI
in high-risk versus low-risk infants.
The RR reached statistical significance
in all 3 categories of studies. In pro-
spective studies with no empiric anti-
biotic treatment, the RR was 30.56
(95% CI: 7.0–68.13). In prospective
studies with empiric antibiotic treat-

ment, the RR was 8.75 (95% CI: 2.29–
15.21). In retrospective studies, the RR
was 6.93 (95% CI: 3.10–10.75). Of im-
portance, there was a statistically sig-
nificant difference in the rates of SBIs
in low-risk patients in the prospective
studies with no empiric antibiotic
treatment, compared with all other
studies (P for difference� .010). When
prospective studies with no empiric
antibiotic treatment were compared
with all other studies, no significant
difference in the rate of SBIs in high-

TABLE 4 Prospective Studies of Performance of Low-Risk Criteria for SBIs in Young Infants With Empiric Use of Antibiotics for All Patients

Year and
Reference

Criteria Type Age, d No. of
Patients

No. of
High-Risk
Patients

Cases of SBI in
High-Risk
Patients

Rate of SBIs in
High-Risk
Patients, %

No. of Low-Risk
Patients

Cases of SBI in
Low-Risk
Patients

Rate of SBIs in
Low-Risk
Patients, %

19859 Rochester 0–90 233 89 22 24.7 144 1 0.69
198716 Impression of sepsis 0–56 97 36 5 13.9 61 2 3.28
198815 Impression of sepsis 0–14 35 11 4 36.4 24 2 8.33
199212 Boston 28–89 503 503 27 5.37
199314 Milwaukee 28–56 534 391 23 5.9 143 1 0.70
199418 Rochester 2 0–60 802 494 61 12.3 308 1 0.32
199413 Modified Rochester 0–31 254 120 37 30.8 134 8 5.97
200430 Rochester 2 0–90 1378 922 118 12.8 456 12 2.63
200520 Rochester 2 and

Philadelphia 2
0–56 259 186 63 33.9 73 2 2.74

200721 Modified Rochester Neonate 386 220 107 48.6 166 1 0.60
Total 4481 2469 440 23.8 2012 57 2.71

TABLE 5 Retrospective Studies of Performance of Low-Risk Criteria for SBIs in Young Infants

Year and
Reference

Criteria Type Age, d No. of
Patients

No. of
High-Risk
Patients

Cases of SBI in
High-Risk
Patients

Rate of SBIs in
High-Risk
Patients, %

No. of Low-Risk
Patients

Cases of SBI in
Low-Risk
Patients

Rate of SBIs in
Low-Risk
Patients, %

198627 Rochester 0–90 117 47 4 8.5 70 3 4.29
19903 Impression of sepsis 0–91 443 222 48 21.6 221 5 2.26
199717 Rochester 2 0–29 119 71 19 26.8 48 3 6.25
199725 Philadelphia 2 3–90 492 196 52 26.5 296 8 2.70
199923 Philadelphia 2 3–28 254 145 27 18.6 109 5 4.59
200024 Boston and

Philadelphia 2
1–28 372 141 37 26.2 231 8 3.46

200126 Pittsburgh 0–60 404 277 41 14.8 127 0 0.00
Total 2201 1099 228 19.8 1102 32 2.70

TABLE 6 Comparison of Performance of Low-Risk Criteria for SBIs in Young Infants, According to Study Design

Type of Study Total No.
of Patients

No. of
Patients With
SBIs

No. of
High-Risk
Patients

Pooled Rate of SBIs in
High-Risk Patients,
Estimate (95% CI), %a

No. of Low-Risk
Patients

Pooled Rate of SBIs in
Low-Risk Patients,
Estimate (95% CI), %a

RR of SBI in High-Risk
vs Low-Risk Patients

(95% CI)

Prospective, no antibiotic
treatment

1858 174 988 20.6 (9.4–31.8) 870 0.67 (�0.04–1.30) 30.56 (7.0–68.13)

Prospective, empiric antibiotic
treatment

4481 497 2469 23.8 (13.4–34.1) 2012 2.71 (0.93–4.50) 8.75 (2.29–15.21)

Retrospective 2201 260 1099 19.8 (14.5–25.1) 1102 2.70 (0.40–5.02) 6.93 (3.10–10.75)
Retrospective and prospective,
empiric antibiotic treatment

6682 757 3568 22.3 (15.8–28.3) 3114 2.71 (1.4–4.0) 7.74 (3.82–11.67)

a Estimated by using the �-binomial model for overdispersed data.29
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risk patients was found (RR: 1.10;
P � .75).

An analysis examining the proportion
of infants designated as low risk in all
studies showed a significant trend to-
ward assigning fewer infants to the
low-risk category over time (� �
�0.67; P� .001). The slope parameter
of the linear regression model of the
proportions of infants designated as
low risk by time (year) was �0.015
(P� .001). Early studies placed�60%
of children in the low-risk category. By
the middle 1990s, only 30% of children
were considered at low risk, as illus-
trated in Fig 1.

DISCUSSION

The impetus for this study was the
apparent discrepancy in the rate of
SBIs among low-risk febrile infants
reported in the literature. Previous
studies reported a range of rates of
SBIs in low-risk infants of 0% to

8.3%.10,15,22,26 This can be explained, in
part, by the different sets of criteria
used by various investigators (Table
2).3,9–26,30 We showed that the rates of
SBIs in low-risk patients in both ret-
rospective studies and prospective
studies using empiric antibiotic
treatment were the same (2.7%) and
were significantly different from the
rate of SBIs in low-risk patients in
prospective studies in which antibi-
otics were withheld (0.67%). We hy-
pothesized that the low-risk criteria
would function best when used in
prospective studies in which low-
risk patients underwent observation
alone. Without reliance on empiric
antibiotic treatment, it would be es-
sential to capture all infants at risk
of early deterioration in the high-risk
group. Careful sample collection, as
well as meticulous physical examina-
tion, excluded infants with SBIs from
the low-risk group.

For physicians to rely on clinical al-
gorithms, they must be convinced
that patients will not be placed in
jeopardy. The clinical predictability
provided by low-risk criteria will be
deemed satisfactory if the children
identified as being at low risk either
do not have a SBI or remain in stable
condition until the SBI is recognized.
In prospective trials that treated low-
risk infants with observation alone,
the low-risk criteria “missed” SBIs in
6 patients (bacteremia in 2 patients
and UTIs in 4 patients). One of the
cases involved a positive urine cul-
ture from a bagged specimen, which
may represent a contaminant. These
patients were treated with appropri-
ate antibiotics when the cultures
yielded positive results, and all
recovered uneventfully. Therefore,
careful application of these low-risk
criteria was very effective in identify-
ing children from whom empiric an-
tibiotic therapy could be withheld.

Overall, data from 8540 infants were
analyzed in this study. The total num-
ber of SBIs was 931, that is, 10.9%,
consistent with rates commonly re-
ported in the literature. With the use
of low-risk criteria, �30% of febrile
infants can be identified as being at
low risk for SBIs and can be treated
with observation alone. These pa-
tients can be spared the negative ef-
fects that may be associated with
empiric use of antibiotics, including
cost, adverse effects of medications,
development of resistant organisms,
and psychosocial stresses on family
dynamics. The criteria must be ap-
plied carefully to avoid misassign-
ment of infants. Special attention
should be given to the physical exam-
ination and medical history.

This study represents a comprehen-
sive review of the literature that has
evaluated the effectiveness of low-risk
criteria in the identification of infants
unlikely to have SBIs over the previous

FIGURE 1
Proportions of infants assigned to the low-risk category according to year of study initiation, with a
statistically significant trend toward assignment of fewer infants to the low-risk category over time
(P� .001).
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23 years. The major weakness of this
analysis is that the studies demon-
strated minor variations in the low-
risk criteria used and the age groups
included. Although these small differ-

ences in demographic characteristics
prohibit a “clean” comparison of all of
the studies, we conclude that the ob-
served difference in the performance
of low-risk criteria was a function of

the study design. When low-risk crite-
ria are applied prospectively after
careful evaluation, clinicians should
be confident in withholding empiric an-
tibiotic treatment.
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Febrile Infants at Low Risk for Serious Bacterial Infection-An Appraisal
of the Rochester Criteria and Implications for Management

Julie A. Jaskiewicz, MD; Carol A. McCarthy, MD; Amy C. Richardson, MD; Kathleen C. White, BS;

Donna J. Fisher, MD; Ron Dagan, MD*; Keith R. Powell, MD; and
the Febrile Infant Collaborative Study Groups

ABSTRACT. Objective. Prospective studies were con-
ducted to test the hypothesis that infants unlikely to have
serious bacterial infections (SBI) can be accurately iden-
tified by low risk criteria.

Methods. Febrile infants (rectal T � 38#{176}C)�60 days
of age were considered at low risk for SBI if they met the
following criteria: 1) appear well; 2) were previously
healthy; 3) have no focal infection; 4) have WBC count
5.0-15.0 x 10� cells/L (5000-15 000/mm3), band form
count � 1.5 x 10� cells/L (�1500/mm3), �10 WBC per high
power field on microscopic examination of spun urine
sediment, and �5 WBC per high power field on micro-
scopic examination of a stool smear (if diarrhea). The
recommended evaluation included the culture of speci-
mens of blood, cerebrospinal fluid, and urine for bacte-
ria Outcomes were determined. The negative predictive
values of the low risk criteria for SBI and bacteremia
were calculated.

Results. Of 1057 eligible infants, 931 were well ap-
pearing, and, of these, 437 met the remaining low risk
criteria. Five low risk infants had SB! including two
infants with bacteremia.

The negative predictive value of the low risk criteria
was 98.9% (95% confidence interval, 97.2% to 99.6%) for
SB!, and 99.5% (95% confidence interval, 98.2% to 99.9%)
for bacteremia.

Conclusions. These data confirm the ability of the
low risk criteria to identify infants unlikely to have SB!.
Infants who meet the low risk criteria can be carefully
observed without administering antimicrobial agents.
Pediatrics 1994;94:390-.396; febrile infants, bacteremia,

low risk criteria, serious bacterial infection.
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Strategies to identify infants less than 2 to 3
months of age with serious bacterial infection (SBI)
lack sufficient sensitivity to be clinically useful.’�#{176}
Therefore, the conservative management of febrile
infants �60 days of age includes a complete evalua-

tion for sepsis (blood, urine, and cerebrospinal fluid
specimens for culture), hospitalization, and paren-
teral antimicrobial therapy for a minimum of 48
hours.11 Despite such recommendations, practice
varies widely.’2�5 Our group has attempted to use
low risk criteria to determine whether infants unlikely
to have SBI can be identified with sufficient accuracy
to consider less aggressive management for these
infants.

The low risk criteria evolved from studies de-
signed to test the hypothesis that well appearing
febrile infants who meet defined history, physical
examination, and laboratory criteria are unlikely to
have SBI.16’8 These low risk criteria are known as the
Rochester criteria for the evaluation of febrile infants
(rectal T � 38#{176}C)�60 days of age (Table 1).

The purpose of the present analysis was twofold.
First, we determined the ability of the Rochester
criteria to identify infants unlikely to have SBI and,
particularly, bacteremia, based on the negative pre-
dictive value of the criteria when applied to a large
number of prospectively evaluated febrile infants.
Second, we used these data to determine if refine-

ments of the Rochester criteria should be studied
further.

METHODS

The present analysis includes data collected during three pro-

spective studies (Table 2). For each study, only infants �60 days of
age who had a documented rectal temperature �38#{176}Cat home or
at the time of medical evaluation were eligible for inclusion in the
study. Written informed consent was obtained for all infants en-

rolled in a study in which an intervention (eg, antimicrobial ther-
apy) was tested, and these studies were approved by all appro-
pnate human investigation committees.

Patient Populations (Table 2)

Study 1

From July 1, 1987 to June 30, 1992 consecutive febrile infants
seen in the Emergency Department or Pediatric Clinic at Strong
Memorial Hospital in Rochester, NY were prospectively evalu-
ated. Eighty-six infants participated in a previously published
intervention study�9 and are included in the present analysis.
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TABLE 1. The Rochester Criteria

1) Infant appears generally well
2) Infant has been previously healthy

. born at term (�37 weeks gestation)

. did not receive perinatal antimicrobial therapy
I was not treated for unexplained hyperbilirubinemia
. had not received and was not receiving antimicrobial

agents
. had not been previously hospitalized
. had no chronic or underlying illness
. was not hospitalized longer than mother

3) No evidence of skin, soft tissue, bone, joint, or ear infection

4) Laboratory values:
. peripheral blood WBC count 5.0 to 15.0 X 10� cells/L

(5000 to 15 000/mm3)
. absolute band form count �1.5 X 1O� cells/L (�1500/

mm3)
. :s10 WBC per high power field (x40) on microscopic

examination of a spun urine sediment
. �5 WBC per high power field (X40) on microscopic

examination of a stool smear (only for infants with

diarrhea)

Seventeen of these infants were enrolled at Rochester General
Hospital.19

Study 2

From July 1, 1984 to November 30, 1984, consecutive febrile
infants evaluated for suspected sepsis and hospitalized at Strong
Memorial Hospital in Rochester, NY were prospectively evalu-
ated.

Study 3

During 1985 through 1988 participants in the Febrile Infant

Collaborative Study Group prospectively identified febrile infants
at low risk for SBI by the Rochester criteria. In a multicenter
interventional study, these infants were randomly assigned to
hospitalization for observation only or hospitalization and paren-
teral antimicrobial therapy.

Data Collection

Data obtained on all infants included: age, sex, race, global
assessment (judged to be well or ill appearing, by house officer or
attending physician assessment without reference to specific cii-

tena and without reliability testing), past medical history, physical
examination, and laboratory evaluation as detailed in Table 1.
Examination of a stool smear in infants with diarrhea was not
done in Study 2 (Table 2). Specimens of blood, CSF, and urine
(obtained by bladder tap or catheterization) for culture for bacte-
rial pathogens were obtained. Urine specimens from selected low
risk infants observed without antimicrobial therapy during 1989
through 1992 were not cultured because of physician preference.
Additional specimens for culture were obtained at the discretion
of the examining physician. Chest roentgenograms were per-
formed when clinically indicated (tachypnea, cough, focal abnor-
mality on physical examination of lungs). Urinalyses and stool

smear examinations were performed by examining physicians.
Skin, soft tissue, and ear infections were diagnosed by physical
examination.

Specimens for culture were evaluated using standard tech-

niques in the diagnostic microbiology laboratories of the partici-

paling centers. Commensal bacteria isolated from blood or CSF
specimens were considered contaminants (eg, Staphiococcus epider-
midis, ci- or �y-hemolytic streptococci (excluding enterococcus,

Streptococcus pneumoniae, and group D streptococci), diptheroid
sp., bacillus sp.). Serious bacterial infections were defined as bac-
teremia, meningitis, osteomyelitis, suppurative arthritis, soft ha-

sue infections (cellulitis, abscess, mastitis, omphalitis), urinary
tract infection, gastroenteritis, and pneumonia. Soft tissue infec-

tions were defined by physical examination with or without iso-

lation of a bacterial pathogen. UT! was defined as the isolation of
>10� colony forming units per milliliter of urine of a single patho-
gen. Urine specimens with more than one isolate were considered
to be contaminated. Bacterial pneumonia was defined as a focal

infiltrate on chest roentgenogram in association with a bacterial
pathogen isolated from the blood or the presence of capsular
polysaccharide in the urine detected by counterimmunoelectro-
phoresis.

All evaluations were performed and data recorded by the
house officer and/or supervising attending physician in the emer-
gency department or pediatric clinic where the infant was seen.
An investigator verified age, temperature, and completeness of
data collection for each infant by chart review. All infants in each
study for whom complete data were available were classified as
low risk or not low risk by the Rochester criteria in Table 1
(excluding stool smear examination for infants in Study 2, Table

2). Since well appearing infants who do not meet at least one of the
low risk criteria are excluded from the low risk group, such infants
were included in the analysis in the not low risk group even when
all classifying data were not available. Treatment decisions were

made on an individual basis by the evaluating physician, except
when the infant was enrolled in a protocol mandating treatment
versus no treatment (Study � and Study 3 (Table 2)).

Statistical Methods

Chi square analysis was used for comparisons of sex, age, and
race between low risk and not low risk infants and for compari-
sons of the proportion of SB! in low risk and not low risk groups
between studies. The difference in the proportion of SB! among
low risk infants in each of the three studies (Table 2) was not
statistically significant, therefore data from low risk infants in each
study were combined. Since only low risk infants were included in
Study 3, these data were not used to calculate the negative pre-
dictive value of the low risk criteria. The differences in the pro-
portion of SB! among low risk infants and among not low risk

infants between Studies I and 2 were not statistically significant.
Therefore, data from Studies I and 2 were combined for complete
analysis and calculation of the negative predictive value of the

criteria.

The operating characteristics of the low risk criteria and the
criteria components were calculated by the following: sensitivity,

the rate of a positive test in infants with disease; specificity, the
rate of a negative test in infants without disease; and negative
predictive value, the rate of no disease in infants who test nega-
five. The 95% confidence intervals of each test’s operating charac-
teristics were calculated using the method of Reiss.�#{176}

RESULTS

From 1984 to 1992, 1057 febrile infants � 60 days of
age were identified as eligible for analysis (Studies I
and 2 (Table 2) and Fig 1). Infants with insufficient
data to determine risk (N = 54) and ifi appearing
infants (N = 72) were excluded from further analy-
sis. Of 931 evaluable, well appearing infants, 437 met
all low risk criteria and 494 did not (Fig 1). An
additional 74 low risk infants (Study 3 (Table 2))
identified by the Rochester criteria were induded in
discussion of the low risk group only, bringing the
total number of low risk infants to 511 (Fig 1).

Table 3 shows the distribution of the low risk and
not low risk infants by age. There were no differ-
ences in sex, race, or age between low risk and not
low risk infants. SBI was documented in 66 (7.1%) of
931 study infants and bacteremia in 13 (1.4%). The
distribution of SBI and bacteremia by age and risk
group is shown in Fig 2.

Specimens cultured for bacterial pathogens and
isolation rates from the study infants are shown in
Table 4. Sixty-six infants had SBI. No bacterial patho-
gens were isolated from seven infants with skin or
soft tissue infections and from one infant with pneu-
monia. The same pathogen was isolated from blood
and urine in three infants and from urine and soft

tissue in one infant.
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N=54

II appearing
N=72
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TABLE 2. Studies Included in Present Analysis

Study Years Total Low Risk
(SB!/Bacteremia)

Not Low

Risk

Ill Appearing,*
Insufficient Data

I McCarthy CA and Jaskiewicz JA, et al�
2 Dagan R

1987 through 1992
1984

978
79

381 (5/2)
56 (0/0)

472
22

125
1

Total 1 1057 437 (5/2) 494 126

3 Febrile Infant Collaborative Study Group 1985 through 1988 74 74(0/0)

Total 2 511 (5/2)

* Not induded in analysis.

:�: Reference 19.

Fig 1. Algorithm to identify low risk febrile infants. *Difference
from low risk group: P < .05. **Febnie Infant Collaborative Study
Group.

Low Risk Infants

SBI occurred in five (1.0%) of 511 low risk infants.
Three infants, age 25, 41, and 54 days, had UTI
caused by Group B streptococcus, E. coli, and E. coli,
respectively. None of the three infants were initially
treated with antimicrobial agents, but all were
treated as soon as cultures became positive and all
did well. One 34-day-old infant was hospitalized for

observation and did not receive empiric antimicro-
bial therapy. When Yersinia enterocolitica was isolated
from a blood specimen on the second hospital day,
antimicrobial therapy was begun and the infant did
well. A repeat blood specimen for culture was not
obtained before antimicrobial therapy was begun.

TABLE 3. Age Distribution y Risk Group

Age (days) Total
(n = 1005)

Low Risk
(n = 511)*

Not Low Risk
(n = 494)

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

0 to 14
15 to 30
31 to 45
46 to 60

142 (14.1)
294 (29.2)
303 (30.2)

266 (26.5)

73 (14.3)
154 (30.1)
157 (30.7)

127 (24.9)

69 (13.9)
140 (28.2)

146 (29.7)

139 (28.2)

* Includes 74 low risk infants from Study 3 (Table 2).

One 29-day-old infant, enrolled in a study of outpa-
tient management of selected low risk infants,19 was
treated with intramuscular ceftriaxone at the time of
evaluation. At the 24-hour follow-up, the infant was
afebrile and appeared well, but the blood culture was
positive for Neisseria meningitidis. The infant was hos-
pitalized and received a total of 7 days of once daily
intramuscular ceftriaxone and did well. At the time

of hospitalization two doses of ceftriaxone had al-
ready been given, therefore a repeat blood culture
was not obtained.

Of 51 1 low risk infants, 308 (60.3%) were initially
treated with antimicrobial agents and 203 (39.7%)
were not. Eighty-six low risk infants were enrolled in
a study of outpatient management of febrile infants
and all received intramuscular ceftriaxone (Study I
(Table 2)). Seventy-four low risk infants were ran-
domized to receive either parenteral antimicrobial
agents following hospitalization (N = 41) or hospi-
taization and observation alone (N = 33) (Study 3
(Table 2)). The remaining low risk infants were given
antimicrobial therapy at the discretion of the evalu-
ating physician.

Negative Predictive Value of the Rochester Criteria

Five of 437 low risk infants in Studies I and 2
(Table 2) had SBI and two had bacteremia. The sta-
tistical analysis did not include the 74 infants from
Study 3 (Table 2). Based on these data, the negative
predictive value of the Rochester criteria is 98.9%
with a 95% confidence interval of 97.2% to 99.6% for

any SBI, and 99.5% with a 95% confidence interval of

98.2% to 99.9% for bacteremia.

Not Low Risk Infants

SBI occurred in 61 (12.3%) of 494 infants who did
not meet the low risk criteria, including UTI (31
infants), skin or soft tissue infection (18), bacteremia
(11), gastroenteritis (4), and pneumonia (1, lobar in-
filtrate and urine positive for S. pneumoniae antigen
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TABLE 4. Isolation Rates of Bacterial Pathogens in 931 Study

Infants
N
U
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Fig 2. Distribution of SB! and bacteremia in 1005* febrile infants.

LR, low risk; NLR, not low risk *includes 74 low risk infants from
study 3, Table 2.

Age (days)

* CSF, cerebrospinal fluid.
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- SBI

- Bacteremia

by counterimmunoelectrophoresis). Three infants
with UTI also had bacteremia, and one infant with

UTI had mastitis. (Complete data are available from

K.R.P. upon request.)

Evaluation of the Components of the Rochester Criteria

Global Assessment

Infants who were not well appearing were man-
aged expectantly and not included for data analysis.
Of 72 ill appearing infants who had outcomes ascer-
tamed, the 16 SBIs included eight UTI, three menin-

gitis, two bacteremia, two mastitis, and one gastro-
enteritis.

Medical History

Of the 494 infants excluded from the low risk
group, 181 (36.6%) were not previously healthy by
history. Fourteen (7.7%) of these infants had SBI,
including five (2.8%) infants with bacteremia. A his-
tory of not being previously healthy was the only
reason for excluding 92 infants from the low risk
group. One infant with only a history of photother-

apy for unexplained hyperbilirubinemia had Group
B streptococcus bacteremia. One infant with a history
of both prior hospitalization and prior antimicrobial
therapy had E. coli UTI. Twenty-one infants excluded
from the low risk group by history did not have
urinalyses performed. Of these infants, one who had
only a history of prematurity had Salmonella bactere-
mia. Only two infants had a history of chronic illness

and neither had SB!. No infant excluded solely be-
cause of perinatal antimicrobial therapy (N = 7),
hospitalization longer than the mother (N = I), or
both (N = 16) had SB!.

Physical Examination

Skin, soft tissue, or ear infection was observed in
97 (20.0%) of the 494 infants excluded from the low
risk group. Seventy-nine infants had otitis media,
and in 36 otitis media was the only reason for exclu-
sion from the low risk group. None of the 79 infants
with otitis media had bacteremia or meningitis. Four

infants with otitis media had E. coli UT!. One of these

Specimen Patients Bacterial Bacterial

Pathogen Contaminant
Isolated Isolated

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

Blood 922 (99.0) 13 (1.4) 48 (5.2)
CSF’� 902 (97.0) 0 (0.0) 47 (5.2)
Urine 694 (74.5) 34 (4.9) 108 (15.6)
Stool 63 (6.8) 4 (6.3) 0 (0.0)
Other 131 (14.1) 11 (8.4) 0 (0.0)

infants was also excluded from the low risk group by
history, and three had abnormal laboratory assess-

ments.
Eighteen infants had skin or soft tissue infection,

including cellulitis (9), omphalitis (3), mastitis (2),

abscess (3), and paronychia (1). Specimens from
these sites were obtained from I 1 infants and all
yielded pathogens. Isolates included Staphylococcus

aureus (6), E. coli (3), Group B streptococcus (1), and
Neisseria sp. (I). Seven infants with skin or soft tissue
infection were excluded from the low risk group on
that basis alone. No infant with skin or soft tissue
infection had bacteremia or meningitis. No study

infant had a bone or joint infection.

Laboratory Assessment

Of the 494 infants excluded from the low risk
group, 325 (65.8%) had at least one abnormal labo-
ratory test. One or more abnormal laboratory test

was the only reason for excluding 226 infants from
the low risk group. Specificity, sensitivity, and neg-

ative predictive value for each test was calculated.
No individual test or combination of tests had a
sensitivity of �75%. The band form count was
:�I .5 X 1O� cells/L (�15OO/mm3), and the urine
WBC count was �1O for most infants without SB!,
having specificities of 96% and 98%, respectively.

Urinalysis

Urinalyses were obtained from 907 (90.2%) of 1005
infants. Urine specimens from 42 (4.6%) of 909 in-
fants had >10 white blood cells per high power field

on microscopic examination of spun sediment.
Twenty infants with >10 WBC on urinalysis had UT!

(17 E. coli, I Group B streptococcus, and 2 Enter-
obacter cloacae), 2 had E. coli UT! and bacteremia, and

I had S. aureus bacteremia. Results of urinalyses were
recorded in 32 of 34 infants with UT!. Of these, 11
specimens had �I0 WBC per high power field. Eight
of these infants were excluded from the low risk
group by other criteria, and three met all low risk

criteria.
Urinalyses were not recorded for 98 infants ex-

cluded from the low risk group by one or more of the
other criteria. Eleven of these infants had SB!; three
of them were bacteremic.

Stool Smear

Four infants with diarrhea had >5 WBC per high
power field on microscopic examination of a stool
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smear. Cultures of stool specimens from two of these

infants revealed no pathogens, no stool specimen
was sent for culture from the third infant, and both
Salmonella sp. and Yersinia enterocolitica were isolated
from a stool specimen from the fourth infant. Salmo-

nella enteritidis was isolated from stool specimens
from three additional infants. Stool smear results
were not recorded for two infants, and one had a
normal stool smear. All four infants with bacterial
gastroenteritis had either an abnormal peripheral
blood WBC count, band form count, or both.

DISCUSSION

A recent meta-analysis of studies of febrile infants
�60 days of age showed that infants meeting the

Rochester criteria had a lower probability of having
SBI than if other strategies were employed.21 The
present study prospectively evaluated a large num-
ber of febrile infants to further test the ability of the
Rochester criteria to accurately identify infants un-
likely to have SB!. The negative predictive value of
the Rochester criteria was chosen as the most appro-
priate test to identify infants unlikely to have SB!. The
95% confidence interval for the negative predictive
value of the Rochester criteria for SB! (97.2% to
99.6%) and for bacteremia (98.2% to 99.9%) confirm
the ability of the Rochester criteria to identify febrile
infants unlikely to have SB!.

Because the Rochester criteria were designed to
identify infants unlikely to have SB!, only well ap-
pearing infants were included in the present study.
By excluding ill appearing infants from the study
population, the prevalence of SB! in our study is
lower than that observed in previous studies (7% vs
9%)�9 While the negative predictive value of the
Rochester criteria may be lower when the criteria are
applied to a population including ill appearing in-

fants (higher prevalence of SB! in this group), it is
most appropriate to apply the Rochester criteria only
to well appearing febrile infants. Although not stated
as a criterion in early studies,16”8 ill appearing infants
have always been excluded when evaluating the low

risk criteria. Most investigators agree that ill appear-
ing infants have a higher likelihood of SB! than well

appearing infants,13’4’6’7 and there is little controversy
regarding their management. The consensus is that
such infants should be hospitalized and treated with
antimicrobial therapy regardless of the remainder of
their evaluation.

The present study shows that among well appear-
ing infants the Rochester criteria work well. We be-
lieve the narrow confidence interval around the neg-

ative predictive value of the Rochester criteria
supports the clinical use of these criteria.

Management of Infants Who Meet the
Rochester Criteria

Our data strongly suggest that infants who meet
the Rochester criteria can be carefully observed with-
out parenteral antimicrobial agents. Over one-third
of the low risk infants in the present study were not
initially treated with antimicrobial therapy, and all
did well. Four of five low risk infants with SB! did
not receive antimicrobial therapy until cultures be-

came positive. With careful observation and follow-

up, appropriate therapy was initiated when SB! was

diagnosed and no infant experienced untoward ef-
fects. One low risk infant with N. meningitidis bacte-
remia initially received antimicrobial therapy, and

the outcome of this particular infant without antimi-

crobial therapy remains unknown. It has been

shown, however, that in some cases bacteremia with

this organism has resolved without antimicrobial
therapy.� Other investigations support observation

for low risk infants. In a study by Wasserman et aP5
five infants less than 3 months of age were hospital-

ized and observed without antimicrobial therapy un-
61 cultures of blood (I), urine (3), and stool (1) were

reported positive for bacterial pathogens. Outcomes

“did not appear to be altered by the delay in diag-
nosis and treatment”.’5 A recent study by Baker et

aP also demonstrated that selected febrile infants 29

to 56 days of age may be managed without antimi-
crobial therapy.

An alternative strategy for the management of the
low risk febrile infant is to administer a single dose of
intramuscular ceftriaxone following a complete lab-

oratory evaluation for suspected sepsis (cultures of

specimens of blood, CSF, and urine (obtained by
bladder tap or catheterization)) and to provide as

careful outpatient follow-up as possible. This ap-
proach was studied in infants �60 days of age by
McCarthy et aP9 with no bad outcomes. Baskin et a124

also managed selected febrile infants between 28 and
89 days of age as outpatients following a single dose
of intramuscular ceftriaxone. All of the infants with
SBI subsequently received appropriate antimicrobial

therapy and except for a 7-day delay in the diagnosis

of osteomyelitis in one patient, all were well at fol-
low-up. Outpatient management of selected febrile
infants with a single dose of intramuscular ceftriax-

one was found to be cost effective as analyzed by
Lieu et al?-� This strategy mandates that a lumbar

puncture be done and blood, CSF, and urine speci-
mens be obtained for culture.

It is important to recognize that the administration
of parenteral antimicrobial agents to a febrile infant
is not a substitute for careful observation. The deci-

sion to observe a low risk febrile infant at home with
or without administering a parenteral antimicrobial
agent should be made only after careful assessment
of the caregiver and guaranteeing the availability of
a responsible physician. The caregiver must appreci-
ate that the infant’s condition may change and
should be told what to watch for and when to call.
Parents of infants managed as outpatients can be

given written instructions to assess the infant at least
every 4 hours and to call the physician for any con-
cerns or for any changes, such as onset or change in

skin rash, cyanosis or mottling, poor feeding or vom-
iting, difficulty consoling or arousing, jerking move-
ments or eye rolling, or bulging fontanelle. Caregiv-
ers should have a telephone, have the telephone
number of the responsible physician, and if the in-

fant’s condition changes, be able to meet the physi-
cian within 30 minutes. Obviously, such rigid stand-
ards cannot be met in many urban Emergency
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Department settings, and hospitalization may be
necessary.

Recommendation

Based on data from this study and other reports,
we make the following recommendation:

Febrile infants s60 days of age who meet the
Rochester criteria may be managed by observation
without antimicrobial therapy or alternatively may
receive intramuscular ceftriaxone as a single dose.
Blood and urine specimens for bacterial culture

should be obtained on all infants, and, if antimicro-

bial therapy is chosen, a lumbar puncture should be
performed and cerebrospina! fluid cultured for bac-
terial pathogens prior to the administration of the
antimicrobial agent. These management options may
be exercised in either the inpatient or outpatient
setting. Infants who are managed as outpatients re-
quire close observation by competent caregivers at
home and availability of a responsible physician for
follow-up. Infants who meet the Rochester criteria
but who cannot be adequately observed at home
should be hospitalized though not necessarily
treated. In our study, low risk infants randomized to
be observed in hospital without receiving antimicro-
bial agents were discharged from the hospital an
average of one day earlier than low risk infants who
were hospitalized and treated (Febrile Infant Collab-
orative Study Group).

Reappraisal of the Rochester Criteria

While the Rochester criteria identify febrile infants
who are unlikely to have SBI, 88% of the infants
studied who did not meet the low risk criteria also

did not have SBI. Evaluation of the individual corn-
ponents of the low risk criteria suggest that the cii-
teria could be modified to include additional infants
in the low risk group without missing SB!. Three
components of the criteria warrant further discussion
and evaluation:

Medical History

Seven history items were used to define previously
healthy infants (Table 1). In our study, no infant who
had received perinatal antimicrobial therapy, had
been hospitalized longer than the mother, or both,
but was otherwise low risk had SB!. Neither of the
two infants with chronic ifiness had SB!. Each of the
other history items identified infants with SB! who
would otherwise have been classified as low risk.
Though the numbers are small in this study, the data
suggest that perinata! antimicrobial therapy and hos-
pitalization longer than mother could be omitted as
medical history components of the low risk criteria.

Physical Examination

Skin, soft tissue, skeletal, and ear infections in
young infants have been associated with SBI.26�
Dagan et a!’6 reported that none of 13 infants ex-
cluded from the low risk group only because of otitis
media had systemic infections. In a second study,
Dagan and colleagues performed tympanocenteses
on 40 febrile infants s60 days of age.’8 Ten of II
infants with nonpurulent middle ear fluid met all

low risk criteria and did well without antimicrobial
therapy. In the present study no infant excluded

from the low risk group only because of otitis media
had a systemic infection. In a recent study, 60 of 827

well appearing febrile infants <2 months of age had
no evidence of bacterial infection except otitis media
and only I had SB! (UTI).30 These results support the
findings of the present study and suggest that infants
who are excluded from the low risk group only
because of otitis media are at low risk for systemic
bacterial disease. Outpatient management with oral
antimicrobial therapy for infants with otitis media
who meet all other low risk criteria merits further
study.

Skin, soft tissue, and skeletal infections were used
to exclude infants from the low risk group, but,
because of the potential for bacteremic disease, were
also used in the definition of SBI. Infants with skin
and soft tissue infections are similar to infants who
appear ifi, because antimicrobial therapy is clearly
indicated. Such infants should be completely evalu-
ated for possible sepsis, but it may be possible to
manage selected infants as outpatients with appro-
priate systemic antimicrobial agents.

Urinalysis

Previous studies have suggested that as many as
50% of infants with UT! may have a normal urinal-
ysis.31 � our study, 35% of the infants with UT! had
a normal urinalysis, and three of these infants met all
low risk criteria for SB!. Although bacteriuria in the
absence of inflammatory cells in the urine could
represent asymptomatic bacteriuria,32 these infants

met the study definition for having a UT!. Since
urinary tract infections comprised over half of the
SB! in the present study, there is a clear need for
improved methods to identify UT! before culture
results are known. A recent study demonstrated that,
when fresh urine (<10 minutes after collection) is
evaluated for the presence of bacteria by Gram stain
or phase microscopy in addition to testing for either
nitrite and leukocyte esterase or WBC, most UTIs can
be diagnosed.� Urinalysis should continue to be part
of the evaluation of febrile infants. How the urine

should be analyzed needs clearer definition.

Conclusion

The suggested modifications of the low risk crite-
ria will need to be prospectively validated on a large
cohort of febrile infants �60 days of age. Until UT!
can be more accurately diagnosed by urinalysis all
febrile infants should have a sterile (bladder cathe-
terization or suprapubic tap) urine specimen cul-
tured. Final management decisions for all febrile in-
fants in this age group wifi depend upon the ability
of caregivers to carefully observe their infants, the
ease of access to medical care if the infants should
clinically worsen, and the assurance of careful fol-
low-up.
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MOUNTING SENSE OF JOB MALAISE PROMPTS MORE HEALTH-CARE

WORKERS TO JOIN UNIONS

In search of job security and a voice in health-care reform, a growing number of

workers at hospitals, nursing homes, and rehabilitation facilities are joining labor

unions.
Hospital workers ified 158 petitions for union elections in 1993, up from only 19

in 1989, according to a study by Management Science Associates, !nc, a labor

consulting firm. And unions won 58% of health-care elections in 1993-the highest

win rate in the industry since 1984, according to Modern Health Care, an industry

journal.

Tomsho R. The Wall Street Journal. 1994.

Noted by J.F.L., MD
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Ambulatory care of febrile infants 
younger than 2 months of age classified 
as being at low risk for having serious 
bacterial infections 

Ron Dagan ,  MD, Shaul Sofer, MD, Moshe Phillip, MD, and  
Eliezer Shachak,  MD 

From the Department of Pediatrics and the Institute of Infectious Diseases, Soroka University 
Hospital and Faculty of Health Sciences, Ben-Gurion University of the Negev, Beer-Sheva, 
Israel 

We prospect ively examined whether febri le Infants younger  than 2 months of 
age  who were def ined as being at low risk for having bacter ia l  infect ion could 
be observed as outpat ients without the usual comple te  evaluat ion for sepsis 
and without ant ibiot ic treatment. A total of 237 previously heal thy febri le 
infants were seen at the Pediatric Emergency Room over 17~/2 months. One 
hundred forty-eight infants (63%) fulfi l led the criteria for being at low risk: no 
physical findings consisting of soft tissue or skeletal infections, no purulent 
otltis media, normal urinalysis, <25 white b lood cells per high-power field on 
microsopic stool examinat ion, per ipheral  leukocyte count 5000 to 15,000/mm 3 
with <1500 band cel ls /mm s. One infant appeared  too ill to be included, and 
had sepsis and meningitis. None of the 148 infants at low risk had bacter ia l  
infections, versus 21 of 88 (24%) of those at high risk (P <0.0001); eight of 88 (9%) 
had bacteremia.  Of the 148 infants classified as being at low risk for having 
bacter ial  infection, 62 (42%) were d ischarged to home, and 72 (49%) were 
initially observed for _<24 hours and then discharged. Seventeen infants (11%) 
were hospitalized: in six, low risk b e c a m e  high risk; six had indicat ions other 
than fever; and five because the study physicians cou ld  not be found. The 137 
nontreated infants were closely observed as outpatients. The durat ion of fever 
was <48 hours in 42%, and less than 96 hours in 91%. All Infants were observed 
for at least 10 days after the last examinat ion.  The fever resolved spontaneously 
In all infants but two, with otitis media, who were t reated as outpatients. Our 
data suggest that management  of fever in selected young infants as outpa- 
tients is feasible if meticulous fol low-up is provided. (J PEDIATR 1988;112:355-60) 

Febrile infants younger than 2 months of age may have a 
serious illness such as meningitis or septicemia) 14 It is 
generally believed that outpatient evaluation does not 
always contribute to the diagnosis of such conditions and 
may even be misleading) ~4 It is therefore the policy of 
many pediatric centers to hospitalize febrile infants youn- 

Submitted for publication July 17, 1987; accepted Sept. 29, 1987. 
Reprint requests: Ron Dagan, MD, Department of Pediatrics, 
Soroka Medical Center, P.O. Box 151, Beer-Sheva, Israel. 

ger than 2 months of age and to initiate treatment with 
parenteral antibiotics after studies for sepsis (blood, urine, 
and cerebrospinal fluid culture) have been done?. H.~5-18 On 
the other hand, hospitalization can lead to iatrogenic 
complications and emotional and financial burdens for the 
family.16.19-24 Moreover, private physicians do not always 
hospitalize febrile young infants. 12,15,25,26 

We have shown recently that simple and objective 
criteria could identify a substantial proportion of previous- 
ly healthy infants younger than 3 months of age, who were 

355  
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hospitalized for suspected sepsis, as being at low risk for 
having serious bacterial infection. 27 The purpose of our 
prospective study was to determine whether febrile infants 
younger than 2 months of age who are considered as being 
at low risk for having serious bacterial infection can be 
managed as ambulatory patients, without a complete 
evaluation for sepsis and without administration of antibi- 
otics. 

M E T H O D S  

Soroka University Medical Center is the only medical 
center of the Negev area, Israel. It 'serves two main 
populations, who live within a radius of 60 miles: Bedouins, 
who are Arabs in transition from seminomadism to settle- 
ment (approximately 50,000 inhabitants), and Jews, who 
resemble Western populations, mostly of middle and lower 
socioeconomic status (approximately 250,000 inhabit- 
ants). Most of the Jews live in Beer-Sheva, the main city of 
the Negev, in which the Soroka University Medical Center 
is located; the others are scattered in small towns and rural 
settlements. The average yearly number of births is 7500 
(about two thirds are Jews). 

The Pediatric Emergency Room is visited by 20,000 to 
30,000 infants and children yearly (surgical and trauma 
cases not included). The emergency room includes an 
adjacent six-bed unit that serves as an independent ambu- 
latory pediatric unit during the daytime and an observation 
unit from 3:00 PM to 8:00 AM. 

All previously healthy Jewish infants younger than 2 
months of age brought to the emergency room between 
8:00 AM and 8:00 PM from February 1, 1985, to July 15, 
1986, were entered into the study. We chose to include the 
Jewish population only, because of their similarity to 
Western populations and because of the poor compliance 
of the Bedouins, which excludes them from being good 
candidates for ambulatory follow-up. 

It was decided that if the infant appeared too ill to await 
evaluation, treatment would be started immediately after 
blood, CSF, and urine cultures. 

"Previously healthy" included only infants who were 
born at term, had no perinatal complications, had no 
previous or underlying diseases, and had not received 
antibiotics before being evaluated. Fever was defined as 
rectal temperature >--38 ~ C, at home or in the emergency 
room. 

The study was approved by the local committee for 
human investigations. 

Within 2 hours after being seen in the emergency room, 
each infant was examined by one of the senior study 
physicians (R.D., S.S.). After oral consent was obtained, 
data regarding the nature and duration of the signs and 
symptoms were recorded. Laboratory tests included com- 

plete blood count with differential, and urinalysis for all 
infants; chest roentgenograms were obtained for most of 
the patients. Bacterial cultures included blood from all 
infants, urine and CSF from infants considered at high risk 
for serious bacterial infection, and soft tissue and middle 
ear aspirates when appropriate. Microscopic examination 
of stool for fecal white blood cells and stool culture were 
performed whenever a history of findings of loose, watery, 
mucous, or bloody stool was present. 

Suprapubic aspiration was performed in all infants with 
abnormal urine findings. Urinary tract infection was 
defined as the presence of >105 colonies/mL of a single 
organism. Urine was considered abnormal if there were 
>10 leukocytes per high-power field in a centrifuged urine 
specimen. Normal white blood cell and differential counts 
were defined an WBC 5000 to 15,000/mm 3 and <1500 
band ceils or younger forms/mm 3, respectively. Tympano- 
centesis was performed in each infant with clinical findings 
of otitis media. Purulent otitis media was defined by the 
presence of pus in the middle ear aspirate, as noted by the 
otolaryngologist who performed the aspiration. 

Bacterial infections considered serious included bacter- 
emia, meningitis, cellulitis, osteomyelitis, septic arthritis, 
gastroenteritis, urinary tract infection, and culture-positive 
purulent otitis media. Pneumonia was diagnosed only when 
the chest roentgenogram yielded positive findings, but was 
not considered per se as a serious bacterial in- 
fection. 

Infants were considered at low risk for serious bacterial 
infection if they had no findings consistent with a soft 
tissue or skeletal infection, no purulent otitis media, 
normal white blood cell and differential counts, normal 
urine, and <25 WBC/high-power field (X40) in micro- 
scopic stool examination (when diarrhea was present). 

If evaluation results indicated high risk for the presence 
of serious bacterial infection, clinical care was given as 
prescribed by the emergency room physician, and the 
patient continued to be observed by the study physicians. If 
the infant fulfilled the criteria for low risk, one of three 
decisions was made: hospitalization if indications other 
than fever were present (e.g., respiratory distress, dehydra- 
tion); observation for <24 hours in the observation unit; or 
discharge to home. Lumbar puncture and suprapubic 
aspiration were not a part of the evaluation for the group 
defined as being at low risk, nor were antibiotics adminis- 
tered to these infants. Daily follow-up was performed until 
the fever resolved. When the infant was discharged, the 
parents were instructed to contact the study physicians (by 
telephone or by visit to the emergency room every 12 to 24 
hours. If  they failed to contact the physicians, they were 
located by the study group to ascertain that no clinical 
deterioration had occurred. 
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Table  I .  Designation of risk groups for presence and 
frequency of serious bacterial infections 

Infants 
with 

serious Infants 
bacterial with 
infection bactere- 

No. of (%) mia 
infants n % n % 

Low risk 148 0 0 
High risk 88 2i 24 8 
Too ill to be ._!1 1 1 

included 
Total 237 22 9 9 

62 "/2 

,l 
" - - ' • ' • 1 4 8  LOW RISK INFANTS) 

I ?S 151%1 INITIALLY I $ 
OOSERV[H fOR LESS m 

T.HN z,.ooos �9 

DISCHARGED -~ HOSPITALIZED 

Figure. Management of 148 febrile infants defined as being at 
low risk for having serious bacterial infection. 

If after 24 hours the infant still had fever (temperature 
~39  ~ C) or was considered sicker by the physicians or the 
parents, urinalysis and complete blood cell count with 
differential were repeated, in addition to physical examina- 
tion. If repeated tests indicated a high risk for serious 
bacterial infection, the infant was hospitalized, a complete 
sepsis evaluation was performed, and antibiotics were 
administered parenterally pending culture results. 

All families were contacted by telephone or returned 10 
to 14 days after the initial visit. Time to defervescence, and 
outcome were recorded. 

Statistical analysis was performed by chi-square test 
(with Yates correction for small numbers) and Student t 
test. P <0.05 was considered significant. 

R E S U L T S  

A total of 237 previously healthy febrile infants younger 
than 2 months were enrolled during the 171/2-month study 
period. Thirty-two infants were enrolled on the basis of a 
history of fever at home, but of those, 28 had at least one 
febrile episode during follow-up. The male/female ratio 
was 1.3:1 (P <0.00!). Patients ranged in age from 3 to 60 
days (median 34 days); 29 (12%) were younger than 15 
days, 64 (27%) were 15 to 30 days of age, 86 (36%) were 
31 to 45 days of age, and 59 (25%) were older than 45 
days. 

The maximal rectal temperature before or at the time of 
the emergency room visit was 38 ~ to 38.5 ~ C in 93 (39%) 
of the 237 infants, 38.6 ~ to 39 ~ C in 81 (34~ 39.1 ~ to 
39.5 ~ C in 38 (16%), and >39.6 ~ C in 25 (11%). 

The duration of fever at the time of the visit was < 12 
hours in 124 of the 237 infants (52%), 12 to 14 hours in 77 
(32%), 24 to 48 hours in 25 (11%), and >48 hours in 11 
infants (5%). 

Designation of risk group and identification of infection. 
One hundred forty~eight (63%) of the 237 study patients 

met all criteria for inclusion in the group at low risk for 
serious bacterial infection; 88 (37%) did not meet one or 
more criteria and were therefore considered at high risk, 
and one appeared too ill to await evaluation (Table I). The 
majority of the infants at high risk (62 of 88, 70%) failed to 
meet only one inclusion criterion for low risk, 20 (23%) 
failed to meet two criteria, and six (7%) failed to meet 
three. 

No differences regarding age and temperature were 
noted between the groups at low and higher risk. Forty 
infants were diagnosed as having otitis media, and under- 
went tympanocentesis. Purulent middle-ear fluid was 
found in 29 of the 40 (73%). Ten of the 11 infants with 
nonpurulent otitis media had all other criteria to be 
included in the low-risk group and therefore were not 
treated. 

Twenty-two infants (9%) had serious bacterial infec- 
tions; none of the 148 infants in the low-risk group had 
infections, compared with 21 of 88 (24%) in the high-risk 
group (P <0.0001); the only infant who was initially too ill 
to be evaluated had Haemophilus influenzae type b sepsis 
With meningitis. Table II presents the organisms isolated 
from the 22 infants with serious bacterial infections and 
the site of isolation. 

Management and outcome in infants at high and low risk. 
The emergency room physicians did not treat 15 of the 88 
infants (15%) despite their being classified at high risk for 
having serious bacterial infections, because in their judg- 
ment the infants did not look ill. Of those, eight (11%) 
were not hospitalized. None of these infants had complica- 
tions. 

Of the 148 infants classified as being at low risk for 
having serious bacterial infections, 62 (42%) were dis- 
charged to home and 75 (51%) were initially observed for 
--<24 hours (Figure). Of the 75 infants initially observed, 
three (4%) were redefined as being at high risk, because of 
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Table  II. Organisms isolated from infants with serious bacterial infections, and type of infection 

No. of 
Infection Organism infants 

Bacteremia 
Without focus Streptococcus pneumoniae 
With focus 

Urinary tract infection 
Otitis, meningitis 
Soft tissue infection 

Urinary tract infection 

Otitis media* 

Gastroenteritis 
Total 

Escherichia coli 2 
Haemophilus influenzae type b 1 
Staphylococcus aureus 3 
E. coli 1 
Group A B-hemolytic streptococcus 1 
E. Coli 5 
Enterobacter cloacae 1 
S. pneumoniae 2 
Group A B-hemolytic streptococcus 2 
E. coli 1 
S. aureus 1 
Salmonella typhimurium 1 

22 

*Middle ear aspirates not plated on chocolate agar. 

Table  III. Reasons for hosPitalization and management 
of fever in infants at low risk for having serious bacterial 
infections 

No. given 
Reason for No. of antibiotic 

hospitalization infants therapy 

Study phys!cian not located 5 5 
Dehydration 3 0 
Respiratory distress 1 0 
No vacant bed in 1 0 

observation unit 
Cyanosis during cry 1 0 
Initially at low risk but .~6 _66 

fever persisted and repeat 
blood cell count indicated 
high risk 

Total 17 11 

results of the repeat blood cell counts, and were hospital- 
ized and treatedl Therefore, initially 134 (91%)Were 
dischargedl Of those, three (3%) were later hospRalized 
and treated because their fever did not subside and the 
repeat blood cell count indicated leukocytosis, leukopenia, 
or increased band cell count. Eleven other infants initially 
classified as being at low risk were hospitalized for VaiSous 

reasons (Table III)~ 
Eleven (64%) ~ of the hospitalized infants were treated, 

five because no study physicians could be located and six 
who Were reclassified as being at high risk during follow- 
up. None of the  six hospitalized low-risk infants who 

continued to be observed by the study physicians was given 
antibiotics. 

Chest roentgenograms were obtained for 206 of 237 
infants (87%). Eight of the 126 (6%) 10w-risk infants had 
evidence for pneumonia, versus 12 Of 79 (15%) at high risk 
(P <0.05). None of the eight infants at low risk who had 
pneumonia were given antibiotics. 

At least one telephone or ambulatory unit follow-up visit 
was made to all infants. Forty-six of the 131 (35%) infants 
whose entire management was ambulatory had two follow- 
up visits, and seven (5%) had three Visits. 

The total duration of fever in the 148 infants at low risk 
was <24 hours in three (2%), 24 to 48 hours in 62 (42%), 
49 to 72 hours in 34 (23%), 73 to96 hours in 36 (24%), and 
>96 hours in 13 (9%) infants. All 137 untreated infants 
were contacted >--_10 days after the last examination. In 
two infants otitis without fever developed, and was treated 
successfully with amoxicillin. In  the other 135 infants fever 
resolved spontaneous!y, with no relapse. 

Twenty-two infants at low risk (15%) who did not 
receive antibiotics developed at least one symptom or 
laboratory finding, which usually could be attributed to 
antibiotic therapy. Eight of 53 (15%)infants in whom a 
second blood cell count was obtained developed neutrope- 
nia (<1000 polymorphonuclear cells/mm3). Twelve per- 
cent of all infants at 10w risk developed generalized rash, 
and 4% developed mild diarrhea. 

D I S C U S S I O N  

It is generally accepted that febrile infants younger than 
2 or 3 months deserve special attention, but there is no 
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agreement on treatment) 4 Fever in neonates leads general- 
ly to a "sepsis workup" and treatment 28, 29, but the appro- 

priate management of the febrile infant who is old enough 
to be discharged from the nursery but is still in the first 
weeks of life, remains controversial.13.15, ~7 

Fever that appears following discharge from the nursery 
often represents community acquired viral illnesses; bacte- 
rial diseases originating from the birth canal gradually 
become less common) 5,18.3o-33 Hospitalizing and treating all 
febrile young infants may result in numerous complica- 
tions, as demonstrated by DeAngelis et a l )  6 Furthermore, 
hospitalizing all febrile infants is expensive and may result 
in long-term sequelae such as behavior problems and poor 
reading)6, 20, 21 

DeAngelis et al. 17 found that in a large universitY 
medical center, despite an unwritten policy of admitting all 
febrile infants younger than 2 months of age, 106 of 303 
(35%) febrile infants seen in the outpatient department 
were discharged. None of these 106 infants suffered 
morbidity that could be directly related to their not having 
been hospitalized. 

Green et a l )  5 found that more than two thirds of chief 
residents indicated lumbar puncture to be a routine part of 
the evaluation of fever in infants, but  only 16% of 
practitioners accepted this. More than half of the chief 
residents versus only 9% of the practitioners estimated that 
90% to 100% of febrile infants were admitted. 

Roberts 14 claims that we should recognize in ourselves a 
need to do something to relieve our own anxiety. We want 
to declare our concern and gain maximum benefit while 
still observing primum non nocere. He suggests that 
hospitalization must be weighed against care at home, and 
the decision to observe should be based on the characteris- 
tics of the illness, the infant, the care giver, and the 
physician. 

Our data emphasize the short, self-limiting nature of 
fever in most infants younger than 2 months. In previous 
series, the natural course of febrile illness could not be 
assessed because most infants were hospitalized and given 
antibiotics for at least 48 to 72 hours, so improvement 
related to treatment could not be ruled out. Furthermore, 
side effects such as rash, diarrhea, and neutropenia could 
easily be attributed to drug reaction. In our series, during 
follow-up, 15% of the untreated patients had such find- 
ings. 

We reviewed retrospectively 50 charts of febrile infants 
younger than 2 months who were hospitalized and received 
treatment in our institution before the initiation of the 
present study, and from whom no bacterial pathogens were 
isolated (unpublished data). The median time to deferves- 
cence was 36 hours, and median hospitalization 5 days. We 

can estimate, therefore, thai a total of 655 hospitalization 
days were saved in this series. We also can assume that if 
all febrile infants had been given parenteral antibiotics 
pending culture results (generally 72 hours), 393 days of 
parenteral antibiotic therapy were saved. 

Our criteria for identification of low risk for serious 
bacterial infections were based on a previous series of 
infants younger than 3 months hospitalized because of 
suspected sepsis in Rochester, New York. Two changes 
have been introduced to our previous criteria: (1) When 
diarrhea was present, identification of more than 25 fecal 
white blood cells per high-power field excluded infants 
from the low-risk group, because it was observed by us and 
by others that bacterial gastroenteritis, including bacter- 
emia, can occur with a normal blood count. 24, 34 (2) The 
presence of otitis excluded infants from the low-risk group 
only if pus was present in the middle ear as documented by 
tympanocentesis, because in our previous study otitis 
media without abnormal blood count was not associated 
with bacteremia. 27 

The bacteriologic results in our series suggest that the 
main organism causing sepsis in early infancy described in 
the United States and Western Europe, group B strepto- 
coccus, may not be an equally imPortant causative orga- 
nism in other geographic areas. Group B streptococcus was 
not isolated from any of our patients. This observation may 
explain why only one of the nine infants with bacteremia 
had no apparent focus on physical examination: the main 
pathogen causing septicemia without apparent focus in 
early infancy is group B streptococcus. As suggested by 
Anbar et al., 34 i t  may not be possible, therefore, to 
extrapolat e our data to other areas. 

In the present Study no lumbar puncture was performed 
in infants at low risk. In our previous study we showed that 
CSF pleocytosis was present in 21% of the infants at low 
risk. The proportion of febrile infants with pleocytosis was 
even greater during the summer and fall seasons, and was 
associated mainly with enterovirus infection) 3,28 All low- 
risk infants with pleocytosis had aseptic meningitis, which 
in the very young infant is often unsuspected clinically. We 
assume, therefore, that a substantial proportion of the 
low-risk infants in the present series had aseptic meningi- 
tis. However, its presence should not alter the management 
in the febrile infant because it is a self-limiting, short-term 
disease. 

We conclude that managing fever in selected infants 
younger than 2 months as outpatients is feasible, although 
not simple. The clinician who takes the responsibility for 
ambulatory follow-up without antibiotic administration 
should be willing to reexamine the child daily, or more 
often if the condition worsens, as long as the fever persists, 
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and be ready to change course when new findings appear.  

I f  close outpat ient  follow-up is not  possible, observation in 

hospital  mus t  be recommended.  

We thank the pediatric house staff for their contribution to this 

study. 
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Costs and Infant Outcomes After Implementation
of a Care Process Model for Febrile Infants

WHAT’S KNOWN ON THIS SUBJECT: Febrile infants in the first 90
days may have life-threatening serious bacterial infection. Well-
appearing febrile infants with serious bacterial infections cannot
be distinguished from those without by examination alone.
Variation in care resulting in both undertreatment and
overtreatment is common.

WHAT THIS STUDY ADDS: The systemwide implementation of an
evidence-based care process model for the care of febrile infants
in Intermountain Healthcare was associated with increased
delivery of evidence-based care, improved infant outcomes, and
lower costs. This model adopted nationally can improve value.

abstract
OBJECTIVE: Febrile infants in the first 90 days may have life-
threatening serious bacterial infection (SBI). Well-appearing febrile
infants with SBI cannot be distinguished from those without by
examination alone. Variation in care resulting in both undertreatment
and overtreatment is common.

METHODS: We developed and implemented an evidence-based care
process model (EB-CPM) for the management of well-appearing
febrile infants in the Intermountain Healthcare System. We report an
observational study describing changes in (1) care delivery, (2) outcomes
of febrile infants, and (3) costs before and after implementation of the
EB-CPM in a children’s hospital and in regional medical centers.

RESULTS: From 2004 through 2009, 8044 infants had 8431 febrile epi-
sodes, resulting in medical evaluation. After implementation of the
EB-CPM in 2008, infants in all facilities were more likely to receive
evidence-based care including appropriate diagnostic testing,
determination of risk for SBI, antibiotic selection, decreased antibiotic
duration, and shorter hospital stays (P , .001 for all). In addition,
more infants had a definitive diagnosis of urinary tract infection or
viral illness (P , .001 for both). Infant outcomes improved with more
admitted infants positive for SBI (P = .011), and infants at low risk
for SBI were more often managed without antibiotics (P , .001).
Although hospital admissions were shortened by 27%, there were no
cases of missed SBI. Health Care costs were also reduced, with the mean
cost per admitted infant decreasing from $7178 in 2007 to $5979 in 2009
(217%, P , .001).

CONCLUSIONS: The EB-CPM increased evidence-based care in all
facilities. Infant outcomes improved and costs were reduced, substantially
improving value. Pediatrics 2012;130:e16–e24

AUTHORS: Carrie L. Byington, MD,a Carolyn C. Reynolds,
MS, APRN,b Kent Korgenski, MS,b Xiaoming Sheng, PhD,a

Karen J. Valentine, MStat,b Richard E. Nelson, PhD,c Judy A.
Daly, PhD,b Russell J. Osguthorpe, MD,b Brent James, MD,
MStat,b Lucy Savitz, PhD,b Andrew T. Pavia, MD,a,b and
Edward B. Clark, MDa

aDepartment of Pediatrics, University of Utah, Salt Lake City, Utah;
bIntermountain Healthcare, Salt Lake City, Utah; and cMedicine
University of Utah, Salt Lake City, Utah

KEY WORDS
fever, infant, outcomes, cost

ABBREVIATIONS
CBC—complete blood count
EB-CPM—evidence-based care process model
ED—emergency department
EDW—enterprise data warehouse
IPCP—Intermountain Pediatric Clinical Program
LOS—length of stay
PCMC—Primary Children’s Medical Center
RMC—regional medical center
SBI—serious bacterial infection
UTI—urinary tract infection

All authors are responsible for the research within the article
and have participated in the concept and design, acquisition of
data, and analysis and interpretation of data of the manuscript.
Dr Byington, Ms Reynolds, and Drs Nelson, Sheng, Osguthorpe,
Pavia, Clark were responsible for drafting the article or revising
it critically for important intellectual content. All authors
provided final approval of the version to be published.

www.pediatrics.org/cgi/doi/10.1542/peds.2012-0127

doi:10.1542/peds.2012-0127

Accepted for publication Mar 22, 2012

Address correspondence to Carrie L. Byington, MD, Department
of Pediatrics, University of Utah, 295 Chipeta Way, Salt Lake City,
UT 84108. E-mail: carrie.byington@hsc.utah.edu

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2012 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have
no financial relationships relevant to this article to disclose.

FUNDING: This work was supported in part by a Public Health
Services research grant UL1RR025764 from the National Center
for Research Resources (CLB, XS, and LS), the National Institutes
of Health/Eunice Kennedy Shriver National Institute of Child
Health and Human Development grant K24HD047249 (CLB, XS,
and KK), the Agency for Health Research and Quality grant AHRQ
R18HS018034 (CLB, XS, KK, REN, and LS), the National Institutes of
Health/National Cancer Institute grant KM1CA156723 (CLB, REN),
and the HA and Edna Benning Presidential Endowment (CLB).

COMPANION PAPER: A companion to this article can be found on
page e199, online at www.pediatrics.org/cgi/doi/10.1542/peds.
2012-1178.

e16 BYINGTON et al
by guest on November 21, 2016Downloaded from 

mailto:carrie.byington@hsc.utah.edu
www.pediatrics.org/cgi/doi/10.1542/peds.2012-1178
www.pediatrics.org/cgi/doi/10.1542/peds.2012-1178


Evaluationof fever in infantsaged1 to90
days is common, yet there are no na-
tional guidelines addressing manage-
ment. Approximately 10% will have
serious bacterial infection (SBI), which
can be life threatening.1,2 However, the
majority of infants have viral infections,
and infants with laboratory and clini-
cally confirmed viral infections are less
likely to have SBI.1,3–5 Independent re-
commendations for care of the febrile
infant published in 1993 and revised in
2000 did not address viral infections.6,7

Compliance with these recommenda-
tions is limited, and variation in care is
substantial.8–11

In the Intermountain Healthcare system,
we noted variation in care delivered at
regional medical centers (RMCs) com-
pared with Primary Children’s Medical
Center (PCMC, Salt Lake City, UT), a ter-
tiary children’s hospital. For example, in
2004, the proportion of febrile infants
who had urinalysis ranged from 19% in
1 RMC to 70% at PCMC, although urinary
tract infection (UTI) is themost common
SBI in febrile infants.

The Intermountain Pediatric Clinical
Program (IPCP) undertook a quality im-
provement initiative to address care of
febrile infants. The IPCP has administra-
tive, laboratory, nursing, and physician
representatives from all Intermountain
Healthcare regions and includes pedia-
tricians from the University of Utah.
The IPCP used Six Sigma methodology
(Table 1) to develop an evidence-based
care process model (EB-CPM) for febrile
infants.12–14 CPMs are designed to de-
crease variation, improve quality, and
support local preferences.15

The EB-CPM for febrile infants incor-
porated evidence derived from local
institutions1,4,5,16–23 and others.2,7,8,24–42

We defined 6 quality measures by
consensus of representatives serving
on the IPCP and their constituents.
Quality measures targeted laboratory
testing, SBI risk determination, antibi-
otic selection, hospital admission, and

discharge. After in-person and web-
based training, education, and feed-
back with clinical personnel at PCMC
and 3 RMCs during 2007, the EB-CPM
was implemented at all Intermoun-
tain Healthcare facilities on January 1,
2008. Web-accessible tools including
algorithms, orders, antibiotic reco-
mmendations, and references were
available at the points of care in all
facilities. All facilities received monthly
performance feedback from the IPCP.
The objectives of this article are to
describe the changes in (1) care de-
livery, (2) outcomes of febrile infants,

and (3) costs before and after the
implementation of the EB-CPM.

METHODS

Protection of Human Subjects

The Institutional Review Boards of Inter-
mountain Healthcare and the University
of Utah approved this study. Informed
consentwaswaived. Provider use of the
EB-CPM was voluntary.

Setting

This observational study was per-
formed at Intermountain Healthcare,

TABLE 1 Modified Six Sigma Process Used to Develop and Implement the EB-CPM for Febrile
Infants

Six Sigma Steps Actions of the Pediatric Clinical Programs Guidance Council

Define Identify febrile infants
• Developed method for identification using electronic
administrative data

• Map the process flow to be improved
• Created flow diagrams from patient, nursing, laboratory,
and physician perspectives

Measure Develop a data collection plan
• Developed through iterative process
Collect data from Intermountain Healthcare facilities
• Baseline data for all quality measures generated
• Reports generated for individual facilities and combined
target facilities

Analyze Analyzedatacollected todetermineroot causes fordefectsand
sources of variation

• Baseline data demonstrated poor compliance with
laboratory testing with root causes including lack of
equipment, laboratory schedules, and courier services

• Identify and prioritize opportunities for improvement
• Identify gap between current performance and goal

Improve Design creative solutions using technology
• Web-based tools including care algorithms, standard order
sets, parent information

• In-person and web-based training modules
Develop and deploy implementation plan
• All target hospitals participated in 2007

Control Develop and document an ongoing monitoring plan
• Monitor all quality and balance measures monthly
•Monitor critical outcomes of febrile infants including deaths
and missed SBI

• Address equipment, laboratory, and courier schedules
Institutionalize performance by modification of systems and
structures

• Care of febrile infant uses web-based tools available to all
providers

• All hospital representatives receive institutional feedback
monthly

• Hospital representatives inform providers of performance
and outcome data

• Individual provider data for those participating in
maintenance of certification
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a not-for-profit, integrated health care
system that provides care for ∼85%
of Utah children and a higher propor-
tion of infants. The 21 Intermountain
Healthcare hospitals include PCMC and
3 RMCs located in Ogden, Provo, and St
George, Utah. The RMCs and PCMC pro-
vide care for most febrile infants and
were designated target facilities. Mid-
level providers and resident and at-
tending physicians practicing family
medicine, pediatrics, and adult and pe-
diatric emergency medicine staff target
facilities. All facilities had the same viral
diagnostic technology and electronic
record system throughout the study.

Identification of Febrile Infants

Febrile infants were identified from the
Intermountain enterprise data ware-
house (EDW). The EDW contains clinical,
laboratory, and administrative data for
all facilities. We developed a definition
for febrile infants based on age, reason
for visit, admitting diagnosis, Interna-
tional Classification of Diseases, Ninth
Revision, and All Patient Refined DI-
agnosis Related Groups (APR-DRGs)
coding and validated it against a pro-
spectively collected sample.1 The defi-
nition has a sensitivity and specificity
of 93% and 90%, respectively.43 SBI was
identified through the EDW and was
defined as culture-confirmed bacter-
emia, meningitis, or UTI. UTI was defined
as$50 000 colony forming units/mL of
a single pathogen.44 An infant with
missed SBI was defined as having SBI
and treatment either only in the emer-
gency department (ED) or hospital ad-
mission within 5 days of ED discharge.

EB-CPM Recommendations

The full EB-CPM for outpatients and
inpatients is available in the Supple-
mental Information. The EB-CPM is for
well-appearing febrile infants aged 1 to
90 days. Separate CPMs are available
for early-onset neonatal sepsis in the
nursery45 and for infants and children
with findings consistent with sepsis or

septic shock.46 Providers determinewell
appearance andwhether use of a CPM is
appropriate.

The febrile infant EB-CPM includes a
history and physical examination and
recommendsobtainingacompleteblood
count (CBC) and urinalysis for all infants.
Infants are classified as high-risk for SBI
using a modification of the Rochester
criteria.31,47 A recent review demon-
strated the Rochester criteria and Phil-
adelphia criteria have similar diagnostic
accuracy in predicting SBI, and the
Rochester criteria were more accurate
in neonates.48 High-risk infants are those
aged#28 days orwith history of preterm
birth (,37 weeks), chronic medical
conditions, abnormal CBC (,5000 or
.15 000 white blood cells per mm3) or
urinalysis results (.10white blood cells/
high power field).47 The electronic record
and orders capture risk designation.

Management without antibiotics is
recommended for infants not identified
as high risk and thus considered low
risk for SBI. The EB-CPM, consistentwith
other expert guidance,6,7 recommends
admission and antibiotic treatment of
high-risk infants. Viral diagnostic test-
ing is recommended for all admitted
infants, including testing for enterovi-
ruses by polymerase chain reaction
between June and November or if ce-
rebral spinal fluid pleocytosis18 is
present and testing for respiratory vi-
ruses by direct fluorescent assay or
polymerase chain reaction year-round.
Antibiotic recommendations reflect the
epidemiology and resistance of SBI path-
ogens at Intermountain Healthcare.

For admitted infants, duration of anti-
biotic therapy and length of stay (LOS)
are based on results of bacterial and
viral diagnostic testing at 24 hours. Ad-
mitted culture-negative infants at high
risk for SBI and who test positive for
a viral pathogen or who are at low-risk
for SBI are eligible for discontinuation
of antibiotics and discharge at 24 hours.
All other culture-negative infants are

eligible for the same at 36 hours. Given
the distance between RMCs and the
central laboratory (Salt LakeCity, UT),we
allowed 6 hours for specimen transport
andmeasured the proportion of infants
dischargedwithin42hoursofspecimen
collection.

Statistical Analysis

We identified 6 quality measures and
4 balancing measures to assess un-
intended consequences of EB-CPM
implementation. We compared perfor-
mance on these measures at the target
facilities during baseline (July 1, 2004–
December 31, 2007) and implementa-
tion (January 1, 2008–December 31,
2009) by using general linearmodels for
continuous measures (with log trans-
formations when the data had a skewed
distribution) and logistic regression
models for binary outcomes. A temporal
analysis for performance changes dur-
ing the baseline period was performed
and did not yield significant year-to-year
differences in individual facilities or the
system.

Cost data were derived from the In-
termountain Healthcare cost-accounting
program, an activity-based microcosting
system that identifies andaggregates the
variable and fixed-cost components of
hospital servicesandproductsaccording
to the date of service.15 Because of the
nonnormality of cost data, we used the
Wilcoxon-Mann-Whitney test to compare
the mean cost per infant during the 2
periods. Costswere adjusted for inflation
to 2009 dollars.

RESULTS

Participants

There were 8044 infants with 8431 fe-
brile episodes resulting in evaluation
at Intermountain Healthcare facilities
(Table 2); 6991 (83%) occurred in target
facilities. Infants at evaluation had a
mean age of 45 days; 54% were boys,
and 62% were white, 26% Latino, 2%
African American, 2%Pacific Islander, 1%
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Asian, 1% Native American, and 6% un-
known. In 3781 (45%) episodes, infants
were classified as high risk for SBI.

Of all febrile episodes, 735 of 8431 (9%)
had culture-confirmed SBI. Among in-
fants with bacterial cultures of blood,
urine, or cerebrospinal fluid (n = 6363),
735 (12%) had SBI. Infants were more
likely to be diagnosed with SBI during
the implementation period because of
an increase in the diagnosis of UTI
(+29%, P, .001; Table 2). The proportion
of admitted infants with SBI increased
from 13% to 16% after implementation
(+23%, P = .011).

Performance of Quality Measures
in Target Facilities

Laboratory Testing

The proportion of infants with recom-
mended laboratory testing increased
in all target facilities during the imple-
mentation period (Table 3). By 2009, al-
most all admitted infants had CBC (93%)
and urinalysis (99%), and there was
little variation between facilities. Infants
were more likely to have blood (73% vs
79%) and urine cultures (74% vs 79%)
after implementation (P, .001 for both).
Infants were also more likely to have
viral testing during the implementation

and the proportion of admitted infants
diagnosed with an enterovirus or respi-
ratory virus increased from 25% to 36%
(+40%, P, .001).

Admission of Infants With SBI at Initial
Evaluation

Admission of infants subsequently pro-
ven to have SBI was associated with in-
creased laboratoryevaluationduring the
implementation period. The proportion
of infants with SBI who were admitted at
the initial evaluation increased from
86% to 91% and those with bacteremia
or meningitis increased from 91% to
99%. Of the 28 infants with SBI dis-
charged from the ED during the imple-
mentationperiod,27hadUTIandreceived
antibiotic treatmentasoutpatients. There
were no missed cases of meningitis
during the implementation period. This
compares with the preimplementation
period when there were 68 infants sub-
sequently identified with SBI discharged
from the ED including8withbacteremia
and 3 with meningitis.

Antibiotic Selection and Treatment

Febrile infants in target facilities re-
ceived antibiotic therapy in 4229 of 6991
(61%) of episodes. Infants classified as
high risk for SBI were more likely to
receive antibiotics than those classified

TABLE 2 Characteristics of Febrile Infant Episodes Across All Intermountain Healthcare Facilities

Variable Base and Training,
n = 5444a (%)

Implementation,
n = 2987a (%)

P Value

Episode at Target Facility 4524 (83) 2467 (83) .600
Age .001
#28 d 1617 (30) 787 (26)
29–90 d 3827 (70) 2200 (74)

Inpatient admission 2516 (46) 1424 (48) .200
Observation unit admission 372 (7) 284 (10) ,.001
Any admission 2888 (53) 1708 (57) ,.001
Infants with any SBIb 440 (8) 295 (10) .006
UTI 360 (7) 257 (9) ,.001
Bacteremia 112 (2) 60 (2) .328
Meningitis 16 (0.3) 7 (0.2) .670

Infants with SBI admitted at first encounter 378/440 (86) 267/295 (91) .070
Infants with bacteremia or meningitis

admitted at first encounter
117/128 (91) 66/67 (99) .060

Death 2 (0.04) 1 (0.03) 1.000
a Unless otherwise indicated.
b Infants may have$1 type of SBI.

TABLE 3 Comparison of Key Quality and Balancing Measures for the EB-CPM in Target Facilities

Target Facilities Base and
Training Periods, N = 4524,a n (%)

Target Facilities Implementation
Period, N = 2467,a n(%)

Absolute Difference in
Propositions (95% CI, P value)

Quality measure
Obtain both CBC and urinalysis 3040 (67) 1975 (80) 13% (11% to 15%, ,.001)
Determine risk status for SBI 3057 (68) 1836 (74) 7% (5% to 9%, ,.001)
Perform viral testing for admitted Infants 1992/2620 (76) 1296/1540 (84) 8% (6% to 11%, ,.001)
Administer only formulary antibiotic therapy for

admitted infants receiving antibiotics
1167/1511 (77) 826/901 (92) 15% (12% to 17%, ,.001)

Discontinue antibiotics within 36 h for infants with
negative bacterial cultures

547/1172 (47) 415/658 (63) 16% (12% to 21%, ,.001)

Discharge eligible infants by 42 h 682/1418 (48) 586/777 (75) 27% (23% to 31%, ,.001)
Balancing measure
Lumbar Puncture 2261 (50) 1281 (52) 2% (20.5% to 4.4%, .120)
Infants admitted within 72 h post ED discharge 92/1904 (5) 45/927 (5) 0.02% (21.7% to 1.7%, 1.000)
Readmission within 72 h after discharge inpatient

or observation unit
21/2620 (0.8) 10/1540 (0.6) 20.2% (20.7% to 0.4%, .710)

Missed SBI after admission 0 0 NA

CI, confidence interval; NA, not applicable.
a Unless otherwise denoted.
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as low risk (85% vs 63% P , .001).
Infants classified as low risk were less
likely to receive antibiotics in the in-
patient (91% vs 85%,27%, P = .005) or
outpatient setting 43% vs 34%, 226%,
P = .002) after implementation.

The recommended antibiotics are am-
picillin, gentamicin, cefotaxime, and cef-
triaxone. Infants admitted after the
introduction of the EB-CPM were more
likely to receive only recommended
antibiotics (77% vs 92%, +15%) and to
haveantibioticsdiscontinuedby36hours
(47% vs 63%, +16%, P, .001 for both). In
94% of all episodes of SBI and 99% of
meningitis episodes, the recommended
antibiotics were active against the re-
covered pathogens.

Hospital Length of Stay

The mean hospital LOS for infants
without SBI decreased from 60 to 44

hours after implementation (227%,
P , .001), resulting in 1644 fewer hos-
pital days. The LOS at PCMC was in-
creasing 2.4% annually in 2004–2008
(Fig 1). After implementation, there
was a 12.0% decrease in LOS in 2009
compared with 2008 (P = .001). The LOS
in all RMCs decreased significantly, and
all target facilities achieved a common
baseline for LOS by 2009 (Fig 1).

Balancing Measures and Cost

The performance of lumbar puncture
remained stable, and there were no
cases of missed meningitis after im-
plementation. Although LOS was signifi-
cantly decreased, there was no increase
in readmissions and no readmissions
with SBI after hospital discharge.

In our cohort, 91% of the costs for fe-
brile infants occurred in the inpatient
setting. Thus,althoughmean laboratory

costs in the ED increased at PCMC ($153
vs $184, P, .001) and in the RMCs ($44
vs $69, P , .001), these costs were
more than offset by the decreased
costs for admitted infants. After im-
plementation, the mean cost per ad-
mitted infant fell from $7178 in 2007 to
$5979 in 2009 (217%, P , .001).

Implementation was associated with
reduced inpatient costs in all RMCs
($8037 vs $6206, 223%, P , .001). At
PCMC, baseline inpatient costs were
lower than at the RMCs (2$1914 in
2007) but were increasing at a faster
annual rate ($233 vs 2$366). After
implementation of the EB-CPM, the
mean inpatient cost per infant at PCMC
declined 11.6% (P, .001). Variation in
the LOS and costs between the RMCs
and PCMC were virtually eliminated by
2009.

FIGURE 1
A, LOS for inpatient or observation unit episodes at target facilities. B, Cost for RMCs and Primary Children’s Medical Center.
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The mean cost per admitted infant was
lower in 2009 than in 2004 (Fig 2).
Savings were realized through de-
creased LOS and reductions in antibi-
otic prescribing and ancillary testing
not recommended by the EB-CPM. Us-
ing a model based on a rate of inflation
equal to the CPI, costs in 2009 were
predicted to be 18% greater than in
2004. In contrast, our data demon-
strated that costs in 2009 were 3%
lower than in 2004 (Fig 2). In 2009, the
cost per admitted infant was $1270 less
than predicted resulting in an estimated
savings of ∼$1.9 million.

DISCUSSION

We report the successful implementa-
tion of an EB-CPM for the care of febrile
infants. Implementation was associ-
atedwithan increase inevidence-based
care delivered by a diverse group of
providers at a children’s hospital and in
community RMCs. Following imple-
mentation, there was a slight increase
in the admission rate of febrile infants,
an increased documentation of UTIs
and viral infections, a higher percent-
age of patients with SBI who were ad-
mitted after UTI detection, a decreased
length of stay, a more appropriate use
of recommended antibiotics, and a sim-
ilar rate (with trends toward improve-
ment) in admission of patients with
meningitis and bacteremia compared

with the preimplementation period. Im-
plementation was also associated with
a considerable reduction in costs. Al-
though the infrastructure and resources
devoted to quality improvement in In-
termountain Healthcare may not be
available in all settings, the creation of
facility specific care process models
with internal process control and per-
formance evaluation is a flexible tool
that can be adapted by other health care
systems to improve care and outcomes
while reducing costs.49

The care of the febrile infant is con-
troversial, and there are variations in
care associated with site of care and
type of provider.8–11,50–54 Strategies for
classification of infants at risk for SBI,
admission of high-risk infants, and
treatment of low-risk infants as out-
patients have been extensively evalu-
ated and discussed.7,24,26,36,37,55 Variation
in practice continues, perhaps because
of the lack of an accepted guideline and
the absence of research comparing
different care processes to determine
if any are associated with better out-
comes or lower costs.

The EB-CPM was created to define best
practices for Intermountain Healthcare
and to create a common process for
delivering quality care across many
hospitals. Intermountain hospitals, al-
though widely separated geographically
and using different provider staffing

models, are all committed to quality
improvement,haverepresentationthrough
the IPCP, and share common laboratory
and electronic medical record resour-
ces.15 These elements were vital to the
development and dissemination of the
EB-CPM.

Implementation of the EB-CPM resulted
in increased evidence-based care de-
livery as measured by 6 indicators. The
investigatorsworkedwithtarget facilities
to ensure that the indicators were rele-
vant to the medical providers and that
processes were in place to support
delivering recommended care without
interrupting workflow. The increase in
delivery of evidence-based care demon-
strates the value of providing decision
support at the point-of-care to guide
clinicians. Parents of febrile infants any-
where in Utah can now be assured
that their infant will receive high-quality
care anywhere in the Intermountain
Healthcare system, whether evaluated
in RMCs by nonpediatric providers or
at PCMC by pediatricians and pediatric
subspecialists.

Increased evidence-based care was
associated with improved infant out-
comes. On the basis of studies dem-
onstrating the low rate of SBI among
infants with viral infection1,3–5,41 and
data demonstrating that the majority
(∼85%) of all positive blood cultures in
this population are detected within 24
hours,33,38 the EB-CPM recommends
discharge for admitted infants with
positive viral testing and negative
bacterial cultures at 24 hours. Diag-
noses of viral illnesses increased by
40% after implementation resulting in
opportunities for earlier discharge and
discontinuation of antibiotics for many
infants.

Implementation of the EB-CPM improved
recognition and treatment of SBI. The in-
creasing proportion of admitted febrile
infantswithSBI inthepostimplementation
period supports the use of screening
criteria to identify well-appearing infants

FIGURE 2
Average total cost per admitted infant at target facilities.
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at high-risk for SBI. The increase in uri-
nalysis testing identified infants with UTI
who may have been missed before im-
plementation. Bacteremia andmeningitis
are rare but potentially life-threatening
occurrences. After implementation, 99%
of infants with bacteremia or meningitis
were admitted at the initial evaluation
compared with 91% before implementa-
tion.Althoughthisdifferencedidnotreach
statistical significance, the value of early
recognition and treatment of bacteremia
and meningitis in nearly all infected
infants cannot be discounted. Finally,
the EB-CPM improved antibiotic treat-
ment decisions with infants benefitting
from the selection of antibiotics ap-
propriate for SBI pathogens and reduc-
tions in antibiotic use in low-risk and
culture-negative infants.

We detected no adverse consequences
after implementation of the EB-CPM.
The performance of lumbar puncture,
considered invasive by many parents
and clinicians, did not increase, and yet
there were no cases of missed menin-
gitis. There was a modest increase
in the proportion of infants admitted
because of an increase in admissions
of ,24 hours in observation units,
and 75% of all admitted infants were
discharged from the hospital by 42
hours. Although the mean hospital
LOS was 16 hours shorter than before
implementation, the readmission rate
was stable at ,0.5%, and there were
no cases of missed SBI after hospital
discharge.

The implementation of the EB-CPM re-
duced costs and increased the value of
the health care delivered. Variations in
care can unnecessarily increase cost
through overtreatment, including ex-
cess testing, inappropriate antibiotic
use, or prolonged LOS, and through

undertreatment, resulting in delayed
recognition and treatment of SBI. By
2009, the target facilities all had similar
LOS and costs, indicating adoption of
similar process for the evaluation and
management of febrile infants. Infants
and families benefitted from improv-
ed health outcomes, shorter hospital
stays, and lower cost. Savings for the
hospital system were realized through
lower direct care costs, improvements
incare thatmayreducemedical liability,
and reduction in hospital days, which
can delay the need for new bed con-
struction and reduce long-term capital
outlay.

This study has several strengths and
limitations.Strengths include thesizeof
the febrile infant cohort, the largest
ever reported. The results are also
strengthened by the quality of the
shared EDW, which allowed us to eval-
uate outcomes across the system in-
cluding readmissions and missed SBI.
The study is limited to a single health
care system; however, we examined
multiple hospital facilities with differ-
ent characteristics, suggesting that an
EB-CPM could be successfully imple-
mented in other settings. Documenta-
tion of training was not required for
providers. Since 2009, pediatricians
have been able to use the EB-CPM for
maintenance of certification (MOC).
Evaluation of performance of trained
providers using the EB-CPM for main-
tenance of certification compared with
all providers is ongoing. The observa-
tion period after implementation was
only 2 years; however, we continue to
monitor the quality measures monthly
through the IPCP and have seen either
maintenance or additional improve-
ment in all measures through 2011. For
example, in 2011, 90% of admitted in-

fants with negative bacterial cultures
were discharged by 42 hours compared
with 75% in 2008–2009. The changes
observed may have been due to factors
other than the introduction of the EB-
CPM. However, there were no signifi-
cant changes in the environment such as
availability of diagnostic testing or new
external guidelines over the entire study
period. Furthermore, the fact that there
were no significant changes observed
during the 4-year baseline period and
the sustained monthly improvements in
the 6 quality measures that occurred in
all facilities after the implementation of
the EB-CPM makes this unlikely. Finally,
therewere likely unmeasured sources of
variation that may have resulted in fail-
ure to achieve universal compliancewith
the EB-CPM. We seek to identify and ad-
dress these factors through ourmonthly
IPCP meetings and update the EB-CPM
and available support as new data be-
come available.

CONCLUSIONS

The introduction of an EB-CPM changed
the culture of caring for febrile infants
across a large health care system.
Variation in care was substantially re-
duced. Infant outcomes were excep-
tional, and significant savings were
realized. The EB-CPM for febrile infants is
an example of value-driven health care
that addresses a common problem and
can be used to inform guidelines dis-
seminated nationally.
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Blood Culture Time to Positivity in Febrile Infants
With Bacteremia
Eric A. Biondi, MD; Matthew Mischler, MD; Karen E. Jerardi, MD, MEd; Angela M. Statile, MD, MEd;
Jason French, MD; Rianna Evans, MD; Vivian Lee, MD; Clifford Chen, MD; Carl Asche, PhD; Jinma Ren, PhD;
Samir S. Shah, MD, MSCE; for the Pediatric Research in Inpatient Settings (PRIS) Network

B lood cultures are routinely performed in the evalua-
tion of infants with fever. These infants are typically
hospitalized for 36 to 48 hours or longer to receive an-

tibiotics while physicians await blood culture results.1,2

Few data support a standard observational period for in-
fants. Several prior studies have demonstrated that a substan-
tial proportion of positive blood culture results may become
positive after 24 or 36 hours,3-5 with some suggesting inpatient
observation periods as long as 96 hours.6,7 However, these stud-
ies included infants admitted to intensive care units (ICUs) who
are at higher risk for serious bacterial infection than the typi-
cal febrile infant and for pathogens that may have longer incu-
bation times (eg, Candida species [spp]).3 Two studies argued

for a shorter period of observation; however, neither targeted
the febrile infant 90 days old or younger.8,9 One large hospital
system implemented discharge criteria of 24 to 36 hours with-
out adverse consequences.10 Commonly used care guidelines11

and textbooks2,12 disagree on the necessary period of observa-
tion and none are firm in their conclusions, reflecting the wide
variation in practice in the management of infants with fever.

While there are several published guidelines for the treat-
ment of febrile infants up to 90 days of age,13,14 we believe that
the inconclusive nature of the current literature regarding the
management of the febrile, but otherwise healthy, infant ad-
mitted to the general inpatient unit has hindered a standard-
ized approach to the length of inpatient observation. Further-

IMPORTANCE Blood cultures are often obtained as part of the evaluation of infants with fever
and these infants are typically observed until their cultures are determined to have no
growth. However, the time to positivity of blood culture results in this population is not
known.

OBJECTIVE To determine the time to positivity of blood culture results in febrile infants
admitted to a general inpatient unit.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, retrospective, cross-sectional evaluation of
blood culture time to positivity. Data were collected by community and academic hospital
systems associated with the Pediatric Research in Inpatient Settings Network. The study
included febrile infants 90 days of age or younger with bacteremia and without surgical
histories outside of an intensive care unit.

EXPOSURES Blood culture growing pathogenic bacteria.

MAIN OUTCOMES AND MEASURES Time to positivity and proportion of positive blood culture
results that become positive more than 24 hours after placement in the analyzer.

RESULTS A total of 392 pathogenic blood cultures were included from 17 hospital systems
across the United States. The mean (SD) time to positivity was 15.41 (8.30) hours. By 24
hours, 91% (95% CI, 88-93) had turned positive. By 36 and 48 hours, 96% (95% CI, 95-98)
and 99% (95% CI, 97-100) had become positive, respectively.

CONCLUSIONS AND RELEVANCE Most pathogens in febrile, bacteremic infants 90 days of age
or younger hospitalized on a general inpatient unit will be identified within 24 hours of
collection. These data suggest that inpatient observation of febrile infants for more than 24
hours may be unnecessary in most infants.
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more, the rarity of bacteremia in this population, estimated at
0.9% to 2%,10,15 and the geographical limitations of single-region
microbiologic data16 necessitate a national approach. We present
a large, geographically diverse examination of the time to posi-
tivity (TTP) of blood culture results in febrile, but otherwise
healthy, infants 90 days of age or younger. Specifically, our pri-
mary aim was to determine the proportion of positive blood cul-
ture results that become positive more than 24 hours of incuba-
tion. As a secondary aim, we attempted to provide information
regarding the epidemiology of bacteremia in this population and
predictors of TTP in the most common bacterial species.

Methods
This multicenter, retrospective, cross-sectional evaluation of
TTP of blood culture results included febrile infants 90 days of
age and younger with bacteremia outside of the ICU. In total,
17 hospital systems affiliated with the Pediatric Research in In-
patient Settings Network across all major regions of the United
States participated: Children’s Hospitals and Clinics of Minne-
sota, Minneapolis; Children’s Medical Center Dallas, Dallas,
Texas; Cincinnati Children’s Hospital Medical Center, Cincin-
nati, Ohio; Children’s Hospital Colorado, Aurora; The Chil-
dren’s Hospital of The King’s Daughters, Norfolk, Virginia; Chil-
dren’s Hospital Los Angeles, Los Angeles, California; Children’s
Hospital of Illinois, Peoria; Nemours/A.I. DuPont Hospital for
Children, Wilmington, Delaware; Children’s National Medical
Center, Washington, DC; Albany Medical Center, Albany, New
York; Tufts University School of Medicine, Boston, Massachu-
setts; University of Rochester Medical Center, Rochester, New
York; Packard Children’s Hospital at Stanford, Palo Alto, Cali-
fornia; St Joseph’s Mercy Hospital, Ann Arbor, Michigan; State
University of New York Upstate, Syracuse; University of Iowa
Children’s Hospital, Iowa City; and Virginia Commonwealth Uni-
versity School of Medicine, Richmond.

Study dates varied by site secondary to the availability of
data and feasibility of collection. However, every site col-
lected at least 2 consecutive years of data ending January 1,
2013; the median duration of data collection was 4 years (range,
2-6 years). All sites used a BACTEC automated blood culture
detection system throughout the collection period. Institu-
tional review board approval with waiver of informed con-
sent was obtained at each participating site.

Study Design
Each site obtained a data set from their microbiology labora-
tory of all positive blood culture results from infants 90 days
of age and younger drawn in a non-ICU setting. A preliminary
review of each record was performed by individual site inves-
tigators to determine eligibility. Cultures were included if the
results were positive for bacteria, obtained from an infant 90
days old or younger with a temperature of 38.0°C or greater
recorded on presentation or reported by caregiver, analyzed
using a fully automated detection system, and treated as a
pathogen by the medical team (this did not include empirical
therapy and was specifically defined as prescribing a full course
of antibiotics intended to treat the bacteria identified by blood

culture). Cultures drawn in any manner other than periph-
eral venipuncture in an ICU from patients admitted to the ICU
within 5 hours after culture; from patients with central cath-
eters or histories of intraabdominal, intracranial, or intratho-
racic surgical procedures; or drawn from a hospital or clinic out-
side the system of any participating site were excluded.

For cultures meeting study criteria, site investigators col-
lected patient age, sex, the location of the patient where the cul-
ture was drawn, antibiotics that were received within 24 hours
preceding the culture, highest recorded temperature within 1
hour before or after obtaining the blood culture, blood culture
TTP in minutes (calculated as the time at which the culture
was placed in the detection system subtracted from the time
the machine alarmed as positive), and the bacterial species
identified. Each infant was stratified as low risk or nonlow
risk based on a modification of the Rochester criteria used
previously.10,14 As has been done previously, culture results
from infants not meeting all of the low-risk criteria, even if all
classifying data were unavailable, were placed in the nonlow-
risk group.14

Data Analysis
Data on bacterial species were previously reported for 6 of the
17 participating sites; data on TTP were not previously re-
ported for any site.16 Time to positivity was compared be-
tween groups using the Wilcoxon rank sum test. Because our
study criteria allowed the inclusion of common contaminants
if the physician team prescribed a full treatment course of an-
tibiotics for the specific bacterium, we performed a compari-
son of TTP between all included cultures and all cultures after
the removal of common contaminants (viridans group strep-
tococci, coagulase-negative Staphylococcus, Micrococcus spp, Co-
rynebacterium spp, and Bacillus spp).17 A multivariate analysis
using a generalized linear model was performed to assess the
impact of age, sex, prior antibiotics, and fever on TTP of the most
common pathogenic bacterial species. Owing to the potential
of type I error, the significance level, adjusted using Bonfer-
roni correction, was set at .017 for this multivariate analysis.

To assess variability between sites, χ2 analysis was used
to compare the prevalence of 3 categories of bacteria: Escher-
ichia coli, group B Streptococcus (GBS), and all other bacterial
species. Bacterial prevalence was compared between the 8
highest-enrolling sites, with the remaining sites pooled into 1
group for comparison. A univariate analysis accompanied by
a generalized linear model was performed to assess the vari-
ability in TTP between species and between study sites.

Data analysis was performed by 2 statisticians and the lead
author (J.R., C.A., and E.A.B.). Statistical significance was set
at a P < .05, unless otherwise noted, and all confidence inter-
vals are reported at 95%. The statistical program used was SPSS
version 21.

Results
Time to Positivity
A total of 5232 positive blood culture results were identified
via initial search from the 17 systems. After exclusion criteria
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were applied, 392 pathogenic cultures remained for analysis
(Figure 1). The mean (SD) TTP was 15.41 (8.30) hours and the
median TTP was 13.00 hours (range, 5.22-68.30 hours). When
compared with infants aged 61 to 90 days, there was a signifi-
cantly shorter TTP in cultures drawn from infants 30 days and
younger and 31 to 60 days old (Table 1). Cultures from infants
with a temperature 38.0°C or greater within an hour of cul-
ture had a shorter TTP than those who did not (Table 1). Time
to positivity was not significantly different in infants of dif-
ferent sexes or Rochester criteria risk stratification. When the
39 common contaminants (32 viridans group streptococci, 5
coagulase-negative Staphylococcus, 1 Micrococcus spp, and 1 Ba-
cillus spp) were excluded, the TTP of the remaining cultures
(mean [SD], 14.74 [7.18] hours) was not significantly different
from the overall TTP (P = .18). Only 6 infants (2%) received an-
tibiotics prior to obtaining the blood culture; therefore, this
variable was not assessed in our model.

By 24 hours, 355 of the 392 blood culture results (91%; 95%
CI, 88-93) were positive. By 36 and 48 hours, 378 (96%; 95%
CI, 95-98) and 386 (99%; 95% CI, 97-100) had become posi-
tive, respectively (Figure 2). Of the bacteria growing after 24
hours, 30% (11 of 37) were Escherichia coli and 24% (9 of 37)
were common contaminants (5 viridans group streptococci, 3
coagulase-negative Staphylococcus, and 1 Micrococcus spp). The
median TTP was not statistically different in bacteria grow-
ing after 24 hours when common contaminants were in-
cluded and removed (median, 31.9 vs 31.9 hours; P = .89).

A multivariate analysis was performed on the 4 most preva-
lent species known to be definite pathogens in culture (Table 2).
For infants with E coli bacteremia, cultures drawn from those

in the 0- to 30-day age range were more likely to have shorter
TTP than those in the 61- to 90-day age range (mean, 13.3 vs
16.1 hours; P = .009). Cultures from infants with Staphylococ-
cus aureus bacteremia in the 31- to 60-day age range took lon-
ger to grow than cultures from infants in the 61- to 90-day age

Table 1. Clinical Characteristics and Time to Positivity

Description No. (%)

Time to
Positivity,

Mean (SD), h P Value
Total No. 392 (100) 15.4 (8.3)

Sex

Male 201 (51) 15.4 (7.7)
.90

Female 191 (49) 15.5 (8.8)

Age at blood drawn, d

0-30 155 (40) 13.9 (4.9) <.001

31-60 154 (39) 15.6 (9.0) .01

61-90 83 (21) 17.9 (10.8) 1 [Reference]

Highest temperature
recorded within 1 h, C°a

<38.0 107 (27) 17.0 (9.9)
.006

≥38.0 210 (54) 14.9 (7.8)

Infant risk stratification

Low 99 (25) 15.7 (9.1)
.56

Nonlow 293 (75) 15.3 (8.0)

Site

1 87 (22) 14.9 (5.4) 1 [Reference]

2 53 (14) 17.0 (8.6) .06

3 44 (11) 19.3 (13.5) <.001

4 36 (9) 13.7 (4.3) .24

5 31 (8) 14.1 (8.9) .45

6 27 (7) 14.5 (6.8) .74

7 23 (6) 12.9 (6.4) .13

8 17 (4) 16.6 (11.8) .30

9 14 (4) 14.3 (3.2) .69

10-17 60 (15) 14.9 (7.9) NA

Abbreviation: NA, not applicable.
a Seventy-five (19%) had no temperature recorded within 1 hour of the blood

culture.

Figure 2. Kaplan-Meier Curve Representing the Time to Positivity
of Blood Culture Results
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Figure 1. Flow Diagram of Included and Excluded Infants
and Blood Cultures

392 Cultures included

416 Pathogenic cultures from infants
without surgical histories outside
of an intensive care unit

24 Excluded (cultures from infants
without history of fever)

656 Pathogenic cultures from infants
outside of an intensive care unit

240 Excluded (cultures from infants
with surgical histories)

2103 Cultures from infants outside
of an intensive care unit

1447 Excluded (not treated as pathogenic)

5232 Positive blood culture results
identified from 17 sites

3129 Excluded (drawn from infants in an
intensive care unit, admitted directly
to an intensive care unit, or with
central lines)
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range (mean, 21.1 vs 18.7 hours, respectively; P = .01). Time to
positivity did not differ significantly in infants with tempera-
tures 38.0°C or greater within 1 hour of obtaining the culture
and those with temperatures of less than 38.0°C.

Epidemiology and Variability
E coli was the most prevalent species (159 of 392, 41%), fol-
lowed by GBS (87 of 392, 22%), viridans group streptococci (32
of 392, 8%), S aureus (23 of 392, 6%), and Streptococcus pneu-
moniae (18 of 392, 5%). E coli was also the most common spe-
cies identified in infants 30 days or younger (68 of 155, 44%),
followed by GBS (34 of 155, 22%). Group B Streptococcus had

the shortest median TTP among all species identified (10.5
hours; range, 5.2-39.6 hours). Our linear model suggested sig-
nificant variability in TTP between bacterial species, as the TTP
of the reference bacteria (E coli) was significantly different from
several other species including GBS, S aureus, and viridans
group streptococci (Table 3).

A generalized linear model was used to compare bacte-
rial species between sites for variation in TTP. Data from the
largest site were used as a reference. There was statistically sig-
nificant TTP variation of E coli in 5 of the 17 sites, of GBS in 2
sites, and of S aureus in 1 site. S pneumoniae showed no varia-
tion in TTP between sites (Table 1).

Table 2. Multivariate Analysis of Demographics and Mean Time to Positivity Within Common Speciesa

Demographic

E coli GBS S aureus S pneumoniae

No.
Mean
(SD) P Value No.

Mean
(SD) P Value No.

Mean
(SD) P Value No. Mean (SD) P Value

Sex

Female 78 15.3 (7.0)
.27

47 11.1 (3.7)
.31

11 17.8 (5.8)
.55

10 16.4 (7.1)
.30

Male 81 13.9 (3.9) 40 11.2 (5.6) 12 20.7 (6.5) 8 15.8 (5.8)

Age, d

0-30 68 13.3 (3.3) .009 34 11.2 (5.6) .98 8 17.2 (3.2) .72 2 14.4 (3.0) .44

31-60 58 15.2 (6.9) .65 41 11.2 (5.6) .54 11 21.1 (8.2) .01 5 18.7 (10.0) .11

61-90 33 16.1 (6.7) 1 [Reference] 12 10.6 (2.7) 1 [Reference] 4 18.7 (2.9) 1 [Reference] 11 15.2 (4.8) 1 [Reference]

Risk

Low 19 13.4 (4.3)
.25

34 10.5 (3.2)
.01

7 19.0 (2.2)
.23

3 22.6 (11.7)
.04

Nonlow 140 14.7 (5.9) 53 11.5 (5.4) 16 19.5 (7.4) 15 14.8 (4.3)

Fever, °C

<38.0 36 14.8 (4.6)
.68

21 10.5 (2.9)
.08

8 21.1 (8.1)
.08

3 20.0 (7.6)
.06

≥38.0 93 15.0 (6.6) 54 10.9 (4.0) 13 18.8 (5.2) 11 15.5 (7.0)

Abbreviation: GBS, group B Streptococcus.
a Bonferroni correction significance set at 0.017.

Table 3. Epidemiology of Bacteremia and Generalized Linear Model Comparing Median Time
to Positivity Between Species

Organism No. (%) Time to Positivity, Median (Range), h P Value
E coli 159 (41) 13.0 (7.8-53.3) 1 [Reference]

GBS 87 (22) 10.5 (5.2-39.5) <.001

Viridans group streptococcia 32 (8) 17.2 (10.3-57.2) <.001

S aureus 23 (6) 18.5 (12.4-40.1) <.001

S pneumoniae 18 (5) 14.3 (11.2-36.1) .19

Enterococcus spp 14 (4) 15.3 (9.8-25.7) .46

Klebsiella spp 10 (3) 12.0 (8.9-15.0) .10

Enterobacter spp 8 (2) 13.0 (9.2-19.0) .38

Salmonella spp 6 (2) 15.1 (12.3-22.0) .44

S pyogenes 5 (1) 13.6 (9.1-37.3) .10

Other γ-hemolytic Streptococcus 5 (1) 14.1 (5.6-14.8) .20

CoNSa 5 (1) 27.2 (15.0-68.3) <.001

Moraxella spp 4 (1) 39.8 (22.7-56.0) <.001

Neisseria spp 3 (1) 23.5 (17.6-27.2) .003

Serratia spp 2 (0) 17.0 (16.2-17.8) .46

Pseudomonas spp 2 (0) 29.0 (11.9-46.0) <.001

Micrococcus sppa 1 (0) 58.8 (58.8-58.8) <.001

Other 8 (2) 19.9 (9.4-58.2) <.001

Abbreviations: GBS, group B
Streptococcus; CoNS,
coagulase-negative Staphylococcus;
spp, species.
a Considered common contaminants.
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Discussion

While inpatient evaluation of an otherwise healthy, febrile in-
fant is a common clinical scenario encountered by physicians
and discharge is often based on negative culture results, there
is a lack of consensus on the time of inpatient observation while
awaiting culture results. Furthermore, the rarity of bacter-
emia in this population10 and the variability of bacterial epi-
demiology between geographic regions in the United States16

warrants a national approach to this question.
In our large geographically diverse investigation, we esti-

mated that 91%, 96%, and 99% of blood cultures from this
population will turn positive by 24, 36, and 48 hours, respec-
tively. Assuming an incidence of 0.9% to 2% for bacteremia in
this population,10,15 our data suggest an observation period be-
yond 24 hours would capture 1 additional bacteremic infant
for every 556 to 1235 febrile infants evaluated. Similarly, ob-
servation for more than 36 hours and more than 48 hours would
identify 1 bacteremic infant for every 1250 to 2778 and 5000
to 11111 infants, respectively.

A standard inpatient observation time of 48 to 72 hours for
blood cultures in infants with fever was initially established
when cultures were manually observed for bacterial growth
at infrequent intervals.18,19 Automated, continuous-
monitoring blood culture systems have since been instituted
in most laboratories and are able to detect bacterial growth sig-
nificantly sooner than manual methods.20,21 In addition to ad-
vances in blood culture monitoring, the changing epidemiol-
ogy of pathogens causing bacteremia has resulted in evolving
approaches to the evaluation and management of febrile
infants.10,16,22 There has also been a decrease in the reported
rates of occult bacteremia since vaccinations for Haemophi-
lus influenzae type B and S pneumoniae became universally
available in the United States, as well as a decrease in early-
onset sepsis caused by GBS since the implementation of wide-
spread intrapartum antibiotic prophylaxis.23-25

Recent studies have reported a decrease in the TTP for
blood culture results in pediatric patients; however, these stud-
ies were small single-center examinations or focused on popu-
lations very different from the classic febrile infant admitted
to a general inpatient unit for observation.3,8,9,23,26-28

Our data suggest that 24 hours (as opposed to the gener-
ally accepted 48-hour inpatient observation period) is
adequate to detect most clinically significant bacteremia
and by using this cutoff, we can minimize the number of
nights spent in the hospital for these infants and caregivers.
We were unable to examine the TTP of urine and cerebro-
spinal fluid cultures, typically followed as part of the febrile
infant evaluation; however, analyses of urine and cerebro-
spinal fluid samples (eg, white blood cell count and Gram
stain) can be performed within hours of presentation and
have high sensitivity for urinary tract infection and menin-
gitis, respectively.15,29,30

While there remains an established risk for serious bacte-
rial infection in young infants with fever, the expanding body
of research leads the practitioner to continually weigh the ben-
efits of treatment and the risks posed by health care interven-

tions. Hospitalized patients are at risk for iatrogenic compli-
cations such as intravenous infiltration, hospital-acquired
infections, and adverse medication effects.31,32 Parents also ex-
perience significant stress when a child is hospitalized in terms
of both concern for the child’s health and time spent away from
other daily responsibilities.33 Additionally, hospital charges for
the evaluation of low-risk febrile infants are estimated at $6613
per infant (adjusted to 2013 dollars).31,32 Finally, recent data sug-
gest the incidence of hospital-acquired infection on a general
pediatric unit is 1 per 1000 patient-days34; therefore, it can be
estimated that for every case of bacteremia identified at more
than 24 hours in infants who remain hospitalized, 1 nosoco-
mial infection will also occur.

As has been done previously,16 we defined pathogenic bac-
teria as those that were treated with a full course of antibiot-
ics rather than simply excluding bacteria commonly consid-
ered to be contaminants. While this method did result in the
inclusion of several cultures that are often considered con-
taminants, it did not significantly alter the overall TTP and al-
lowed us to exclude many cases in which contamination may
have otherwise been equivocal (eg, Acinetobacter spp).

Our study had several limitations. First, we were unable
to account for the time between collection of the blood cul-
ture and placement in the machine. Blood is typically drawn
directly into culture media; therefore, our data may underes-
timate the total time needed for bacteria to grow. While the
hospitals in our study have different blood draw protocols, it
is generally assumed that cultures take less than 30 minutes
from collection to placement in the automated detection sys-
tem. Second, criteria for ICU admission vary by institution and
this may have introduced some unidentified heterogeneity in
our population. Third, there was some variability in TTP of a
few specific bacterial species at a minority of sites. While it is
possible that there are specific bacterial attributes that differ
geographically or that the differing inclusion dates between
some sites introduced variation in TTP, another plausible ex-
planation is that we were unable to control for the amount of
blood inoculated, which does impact TTP.35 Fourth, we were
unable to identify clinical predictors for a culture result tak-
ing more than 24 hours to become positive and therefore can-
not suggest likely outcomes for these infants should they be
discharged prior to the culture result becoming positive. Fur-
thermore, because we did not collect data regarding negative
culture results, we cannot provide information regarding over-
all risk for serious bacterial infection to our population or by
subgroup. Finally, our subgroup analyses included testing for
multiple variables and while we did use Bonferroni correc-
tion for multiple testing, there was the possibility of type I er-
ror in those analyses.

Conclusions
Our study found that most pathogens in febrile bacteremic in-
fants 90 days of age and younger will be identified within 24
hours of collection. These data could support a national stan-
dardized approach to the duration of inpatient observation of
the febrile infant.
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Enhanced Urinalysis Improves Identification of Febrile Infants Ages
60 Days and Younger at Low Risk for Serious Bacterial Illness

Sandra M. Herr, MD; Ellen R. Wald, MD; Raymond D. Pitetti, MD, MPH; and Sylvia S. Choi, MD

ABSTRACT. Objective. Investigators have sought to
establish “low-risk” criteria to identify febrile young
infants who can be observed safely without antibiotics.
Previous studies have used criteria for standard urinaly-
sis to identify suspected urinary tract infection; however,
cases of urinary tract infection have been missed. En-
hanced urinalysis, using hemocytometer cell count and
Gram stain performed on uncentrifuged urine, has been
shown to have greater sensitivity and negative predictive
value than standard urinalysis. The objective of this
study was to evaluate the ability of criteria that incorpo-
rate enhanced urinalysis to identify febrile young infants
who are at low risk for serious bacterial illness (SBI).

Methods. Institutional guidelines were established in
1999 to evaluate in a retrospective cohort study infants
who were <60 days of age with temperature >38.0°C.
“Low-risk” criteria included 1) well appearance without
focal infection (excluding otitis media); 2) no history of
prematurity, illness, or previous antibiotics; 3) peripheral
white blood cell count (WBC) between 5 and 15 000/mm3;
4) absolute band count <1500/mm3; 5) cerebrospinal
fluid WBC <5/mm3 with a negative Gram stain; 6) en-
hanced urinalysis with WBC <9/mm3 with a negative
Gram stain; 7) stool WBC <5/high power field in infants
with diarrhea; and 8) chest radiograph without lobar
infiltrate(s) in infants with respiratory signs or symp-
toms. SBI was defined as a lobar infiltrate on chest ra-
diograph or presence of a bacterial pathogen in blood,
urine, cerebrospinal fluid, stool, or culture obtained from
the soft tissue. The hospital records of all infants who
presented to the emergency department for evaluation of
fever after January 1999, including those who did not
meet low-risk criteria, were reviewed; data were collected
regarding history, physical examination, laboratory test
results, treatment, and clinical course.

Results. During the study period, 434 infants pre-
sented to the emergency department for evaluation of
fever. Thirty patients were excluded from additional
analysis because of incomplete data; 60 patients were
identified immediately as “not low risk” on the basis of
history or physical examination. Of the 344 remaining
infants, 127 were identified as “low risk” on the basis of
laboratory criteria; 83 (65.4%) were observed without an-
tibiotics. None of the “low-risk” infants had an SBI. A
total of 217 well-appearing infants were classified as “not
low risk” on the basis of laboratory criteria; 28 (12.9%)
had an SBI. The overall incidence of SBI in infants with

complete data was 10.1%, whereas the incidence of SBI in
all “not low-risk” infants was 14.8%. The negative pre-
dictive value for the “Pittsburgh” criteria was 100% (95%
confidence interval: 96.7%–100%); the sensitivity was
100% (95% confidence interval: 89.7%–100%).

Conclusions. The application of low-risk criteria us-
ing enhanced urinalysis improves identification of in-
fants who are at low risk for SBI. Pediatrics 2001;108:866–
871; bacteremia, low risk criteria, enhanced urinalysis,
serious bacterial illness.

ABBREVIATIONS. ED, emergency department; SBI, serious bac-
terial illness; CSF, cerebrospinal fluid; IV, intravenous; WBC,
white blood cell count; CXR, chest radiograph; UTI, urinary tract
infection; cfu, colony forming units; CI, confidence interval.

Fever is an extremely common symptom among
infants and young children who present for
evaluation at an emergency department (ED).

The incidence of serious bacterial illness (SBI) in
those infants in the first 2 months of life has been
reported to be as high as 15%.1–8 Traditionally, a
conservative approach has been recommended for
febrile infants �2 months of age, in whom the signs
and symptoms of infection can be nonspecific. This
conservative approach includes obtaining specimens
of blood, urine, and cerebrospinal fluid (CSF) for
laboratory analysis and culture on all children who
subsequently are admitted to the hospital and given
intravenous (IV) antibiotics for 48 to 72 hours. De-
spite these recommendations, there is considerable
variability in the extent of evaluation and approach
to treatment among general pediatricians, family
practitioners, and ED physicians.9,10

As an alternative to the conservative approach,
several studies have shown that a combination of
historical, physical examination, and laboratory cri-
teria can be used to identify a subset of febrile infants
who are at low risk for SBI.1–5,11 Investigators have
concluded that these infants can be observed without
antibiotic therapy. The previously established crite-
ria include standards for normal white blood cell
counts (WBC) in the blood and CSF, negative CSF
Gram stain, urinalysis showing �10 WBC/high-
power field with a negative Gram stain, and normal
chest radiograph (CXR) and stool WBC examinations
on selected infants; the negative predictive value of
these criteria for SBI has ranged from 95% to 100%.
Although many physicians have adopted a less con-
servative approach to fever in infants as a result of
these investigations, concerns remain about the po-
tential for missing cases of SBI.6
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Urinary tract infection (UTI) is the most common
SBI among febrile young infants, as well as the most
commonly missed SBI in studies that evaluate low-
risk criteria.1–3,12 In the study of low-risk criteria by
Jaskiewicz et al,2 35% of patients with UTI had nor-
mal standard urinalyses and 3 patients with UTI met
all low-risk criteria; other studies that evaluated low-
risk criteria failed to specify what proportion of pa-
tients with UTI were identified by standard urinaly-
sis.2–7 Standard urinalysis and Gram stain have been
shown to have a relatively poor sensitivity, ranging
from 48% to 65%.13–15 Enhanced urinalysis, using
hemocytometer cell count and Gram stain on uncen-
trifuged urine specimens, has been shown in several
prospective studies to have superior negative predic-
tive value and sensitivity when compared with stan-
dard urinalysis and Gram stain.14,16,17 This modifica-
tion of the traditional urinalysis results in an
improved ability to detect UTI and therefore may
reduce the risk of failure to identify cases of SBI in
febrile infants.

We sought to evaluate the ability of low-risk cri-
teria that incorporate enhanced urinalysis to identify
febrile young infants who are at low risk for SBI. In
addition, we hoped to foster a more standardized
approach to the evaluation and treatment of febrile
young infants at our institution.

METHODS
In January 1999, guidelines were established at Children’s Hos-

pital of Pittsburgh, a large, urban, academic children’s hospital, for
the evaluation and treatment of infants who were �60 days of age
and had a documented temperature of �38.0°C. These guidelines
included elements of history, physical examination, and labora-
tory findings to identify “low risk” infants. These criteria are
shown in Table 1.

The guidelines recommended that any infant who did not meet
low-risk criteria be admitted to the hospital and given IV antibi-
otics until all culture results were known. The recommendation
for infants who met low-risk criteria was to admit the infant to the
hospital for observation without antibiotics or with oral antibiotic
therapy for infants with otitis media, for 24 hours. If the infant
remained well-appearing, cultures remained negative, and close
follow-up with a primary care provider could be ensured, then the
infant could be discharged to home. Any low-risk infant whose
clinical status deteriorated or whose cultures became positive was
to be given IV antibiotics until culture results were known. The
evaluation, treatment, and disposition of all febrile infants re-

mained at the discretion of the ED physician, in consultation with
the family and the primary care provider.

The hospital records of all febrile infants who had been evalu-
ated for fever between January 1, 1999, and August 31, 2000, were
reviewed. Demographic and clinical data collected for each patient
included age, sex, birth history (gestational age, complications,
maternal group B streptococcal colonization status, type of deliv-
ery, need for resuscitation or neonatal intensive care unit stay),
maximum recorded temperature, pertinent medical history, and
documented appearance and examination by the supervising ED
physician (fellow or attending). Laboratory data collected in-
cluded peripheral WBC and absolute band count, CSF cell count,
differential and Gram stain, enhanced urinalysis (uncentrifuged
urine used for hemocytometer cell count and Gram stain), any
radiograph results, stool WBC results on infants with diarrhea,
and all culture results. Other information recorded included treat-
ment with antibiotics, disposition, and clinical course. For children
who were treated with IV antibiotics despite meeting low-risk
criteria, the reason for treatment was documented whenever pos-
sible.

Our guidelines, as shown in Table 1, included examination and
culture of the CSF. At our institution, the CSF evaluation occa-
sionally is omitted in infants who are older than 6 weeks of age
and are to be observed without antibiotics; we included infants in
our analysis when the examination of the CSF was omitted inten-
tionally and the infant was observed without antibiotic therapy.
Children were excluded from analysis if they received antibiotics
and did not have a sample of CSF for cell count, Gram stain, and
culture or did not have an enhanced urinalysis, peripheral CBC, or
cultures of blood and urine performed.

SBI was defined as a lobar infiltrate on CXR (reviewed by an
attending radiologist); growth of a bacterial pathogen from the
CSF, blood, stool, or soft tissue; or growth of �50 000 colony
forming units (cfu)/mL of a single pathogenic organism from a
urine specimen obtained by catheter. Demographic and clinical
data are reported as means or proportions. The sensitivity, spec-
ificity, and positive and negative predictive values of the low-risk
criteria were computed using Yates-corrected �2. This study was
approved by the Human Rights Committee at the Children’s
Hospital of Pittsburgh.

RESULTS
Between January 1999 and August 2000, 434 febrile

infants �2 months of age presented to the ED for
evaluation (Fig 1). Thirty infants, who did not have a
complete laboratory database as outlined above,
were excluded from additional analysis. Of the re-
maining 404 infants, 60 were identified as “not low
risk” on the basis of history and/or physical exami-
nation. Of the 344 previously healthy, well-appear-
ing infants with complete data, 127 were classified as
“low risk” according to our established guidelines
and 217 were classified as “not low risk.” There were
a total of 41 cases of SBI (10.1%): 25 infants with UTI;
8 with pneumonia; 3 with bacteremia; 2 with menin-
gitis; and 1 each with bacterial gastroenteritis, per-
tussis, and chlamydia. The diagnoses and causative
agents for infants with SBI are shown in Table 2.

Patient Demographics
A total of 222 boys and 212 girls presented to the

ED with fever during the study period; data were
incomplete for 16 boys and 14 girls. The patients
ranged in age from 2 to 60 days, with a mean age of
34 days. The overall age distribution, including
breakdown by risk group and proportion with an
SBI, is included in Table 3. Among male patients, 139
(67.4%) with complete data were classified as “not
low risk,” whereas 67 (32.6%) were classified as “low
risk”; 15 (7.3%) had an SBI. Among female patients,
138 (69.7%) with complete data were classified as

TABLE 1. Guidelines for Classification of Febrile Infants as
“Low Risk”

Historical items
Full term (�35 6/7 weeks’ gestation)
No chronic/underlying illnesses
No previous hospitalizations
No perinatal antibiotics (if �14 days old)
No antibiotics within the past 7 days
No siblings with group B streptococcal disease

Examination
Well appearing to an experienced physician
No focal infection (excluding otitis media)

Laboratory
Peripheral WBC 5000 to 15 000/mm3

Peripheral absolute band count �1500/mm3

Enhanced urinalysis WBC �9/mm3 and negative Gram stain
CSF WBC �5/mm3 and negative Gram stain

If bloody, WBC:RBC �1:500
Stool WBC �5 per high-power fields in infants with diarrhea
CXR normal in infants with respiratory findings
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“not low risk,” whereas 60 (30.3%) were classified as
“low risk”; 27 (13.6%) had an SBI. The overall risk of
SBI was not significantly different between boys and
girls (P � .05).

Patients With Incomplete Data
Two infants with SBI in the group of 30 infants had

incomplete data. One patient was a 45-day-old infant
who had a history of short gut and a central IV
catheter and was treated with IV antibiotics for pre-
sumed line sepsis without examination of the CSF;
Enterococcus faecalis was recovered from the blood
culture. The second patient was a 25-day-old infant
who had clinical findings of omphalitis and did not

have a sample of CSF obtained; Escherichia coli grew
from the culture of the wound. Both of these patients
would have been classified as “not low risk” by
historical or examination criteria, respectively; in
fact, 17 of 30 of the patients with incomplete data met
historical, examination, and/or laboratory criteria
for classification as “not low risk.”

Infants Classified as “Not Low Risk” on the Basis of
History or Examination

Of the 60 infants who were classified as “not low
risk” on the sole basis of history and/or physical
examination, 13 (21.7%) had and SBI. The reasons for
classification as “not low risk,” as well as the pro-
portion with SBI, are listed in Table 4. Nine of the 13
infants (69.2%) with SBI also would have been clas-
sified as “not low risk” on the basis of laboratory
criteria. The 4 infants who had an SBI and met “low-
risk” laboratory criteria but were identified as “not
low risk” by history or examination included 1) a
38-day-old infant who had respiratory distress and
lethargy and received a diagnosis of chlamydial
pneumonitis; 2) a 52-day-old infant who had focal
findings on examination of the lungs and received a
diagnosis of lobar pneumonia by CXR; 3) a 12-day-
old infant who had respiratory distress and received
a diagnosis of lobar pneumonia by CXR; and 4) a
30-day-old infant who had a history of lethargy and
poor feeding and was febrile, mottled, and lethargic
on examination and grew Streptococcus agalactiae
from a blood culture.

Infants Classified as “Not Low Risk” on the Basis of
Laboratory Results

Of the 217 well-appearing, previously healthy in-
fants who were classified as “not low-risk” according

TABLE 2. Bacterial Illnesses Among Eligible Infants

Site of Infection No. (%)

UTI 25 (6.3%)
Escherichia coli 23

With bacteremia 4
Klebsiella pneumoniae 1

With bacteremia 0
Pseudomonas aeruginosa 1

With bacteremia 0
Respiratory 10 (2.5%)

Bacterial pneumonia 8
Chlamydia trachomatis 1
Bordetella pertussis 1

Bacteremia* 3 (0.7%)
Streptococcus pneumoniae 1
Streptococcus agalactiae 1
Staphylococcus aureus 1

Meningitis 2 (0.5%)
Streptococcus pneumoniae 1
Enterobacter cloacae 1

Gastroenteritis 1 (0.2%)
Campylobacter jejuni 1

* Bacteremia with no other identified SBI.

Fig 1. Flow diagram of febrile infants.
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to laboratory criteria, 28 (12.9%) had SBI. The labo-
ratory abnormalities, excluding infants from the low-
risk group and the proportion with an SBI, are
shown in Table 5. All “not low-risk” infants with SBI
received IV antibiotics after their initial evaluation,
and all did well. Twenty-two infants who were clas-
sified as “not low risk” by laboratory examination
were observed without antibiotic therapy; none had
an SBI, and all did well. Fifty-six patients in our
study were classified as “not low risk” on the sole
basis of the CSF findings; the WBC in the CSF ranged
from 6 to 673/mm3, and 1 patient had a positive CSF
culture. Six of the 8 patients with lobar infiltrates on
CXR also had abnormal WBCs and/or absolute band
counts; 2 of these patients required admission to the
intensive care unit for severe respiratory distress.
Five infants who were classified as “not low risk” by
laboratory examination had otitis media docu-
mented on examination; all received IV antibiotics
for at least 48 hours, and none had an SBI.

Low-Risk Infants
None of the 127 infants who were classified as

“low-risk” by our criteria had SBI. Eighty-three
(65.3%) were observed without IV antibiotic therapy,
whereas 44 (34.7%) were treated with IV antibiotics
despite meeting low-risk criteria. The reason for
treatment was not documented in the majority of
cases, although concurrent jaundice, high percentage
of bands (although absolute band count was within
acceptable range), and primary care physician’s re-
quest were cited in several cases. Twenty-one infants
who were observed without antibiotic therapy did
not have a lumbar puncture performed; none of
these patients had an SBI, and all did well. Four
infants who were not treated initially with antibiotics
were started on antibiotics within 48 hours. Two
patients developed increased work of breathing and
were found later to have respiratory syncytial virus
infection. One patient had increased work of breath-
ing with a normal CXR and was treated for 24 hours
until culture results were known to be negative. One
patient had persistent fever and was treated for 48
hours, at which time all cultures were negative.

There were 14 “low-risk” infants who were diag-
nosed with otitis media; 5 were treated with oral
antibiotics, whereas 9 were given IV antibiotics for 48
hours. None of the infants with otitis media had
bacteremia or other SBI. The negative predictive
value for our low-risk criteria was 100% (95% confi-
dence interval [CI]: 96.7%–100%).

Infants Who Were <28 Days
A total of 166 infants (38.2%) who were �28 days

of age were evaluated for fever during our study
period. Of these, 153 had complete data for evalua-
tion. Among eligible infants, 17 (11.1%) were classi-
fied as “not low risk” by history or examination, 93
(60.8%) were classified as “not low risk” by labora-
tory criteria, and 43 (28.1%) were classified as “low
risk.” There were 12 patients (7.8%) with SBI in this
age group, all of whom were classified as “not low
risk”: UTI (6), meningitis (2), pneumonia (2), pertus-
sis (1), and bacteremia in a central line (1). Among
the 12 infants who were �28 days with an SBI, 11
were identified as “not low risk” by laboratory cri-
teria; 2 of these infants also were deemed ill-appear-
ing on physical examination, and 1 had a history of
surgery and hospitalization. Only 1 of the 12 infants
had low-risk laboratory values: a 12-day-old infant
with a lobar infiltrate on CXR and respiratory dis-
tress that required admission to the intensive care
unit. Eighteen (41.9%) of the 43 low-risk infants who
were �28 days of age were observed without antibi-
otics, and 25 (58.1%) were treated; all infants did
well. There was a statistically significant difference in
the percentage of “low-risk” patients observed with-
out antibiotics between the group of patients who
were �28 days and those who were �28 days (P �
.005).

Infants With Positive Urine Cultures
Twenty-five infants (6.2% of eligible infants) had

growth of �50 000 cfu/mL of a single organism from
a urine culture. This group included 19 girls (76%)
and 6 boys (24%), with an age range from 13 to 58
days and a mean age of 38 days. The difference in
proportion with UTI between male and female pa-
tients was statistically significant (P � .01). Twenty-
one (84%) infants had growth of �100 000 cfu/mL,
whereas 4 (16%) had growth of �50 000 cfu/mL. All
of the patients with positive urine cultures were
identified as “not low risk” by our criteria. Although
our criteria for abnormal enhanced urinalysis in-
cluded either a positive Gram stain or �10 WBC/
mm3, the majority of patients (21 [84%] of 25 ) with
UTI had bacteriuria and pyuria; 17 (68%) of 25 also
had abnormal peripheral WBC and/or absolute band
counts. Only 1 patient with growth of �50 000
cfu/mL had a normal enhanced urinalysis; this pa-

TABLE 3. Age Distribution and Occurrence of SBI by Risk Group

Age (Days) Evaluated (n � 404) Low Risk (%) SBI (%) Not Low Risk (%) SBI (%)

0–14 49 (12.1%) 18 (36.7%) 0 (0%) 31 (63.3%) 3 (9.7%)
15–28 104 (25.7%) 25 (24%) 0 (0%) 79 (76%) 9 (11.4%)
29–45 138 (34.2%) 47 (34%) 0 (0%) 91 (66%) 19 (20.9%)
46–60 113 (28%) 37 (32.7%) 0 (0%) 76 (67.3%) 10 (13.2%)

TABLE 4. Nonlaboratory Reasons for Exclusion From the
Low-Risk Group and Proportion With SBI

Reason for
Classification as
“Not Low Risk”

Total (%) Number
With SBI

(%)

Previous hospitalization 7 (11.7%) 0 (0%)
Medical history 9 (15%) 5 (55.6%)
Previous antibiotics 3 (5%) 0 (0%)
Prematurity 12 (20%) 0 (0%)
Ill appearance 25 (41.7%) 7 (28%)
Focal examination 4 (6.6%) 1 (25%)
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tient was described as ill-appearing and had abnor-
mal WBC and absolute band counts. The sensitivity
and negative predictive value of the enhanced uri-
nalysis in our study were 96% (95% CI: 78.9%–99.8%)
and 99.7% (95% CI: 98.5%–100%), respectively. Four
of the infants who received a diagnosis of UTI also
had bacteremia; the same organism was isolated
from blood and urine cultures (16%). All of the pa-
tients with bacteremia had growth of �100 000
cfu/mL from the urine culture. Only 3 infants in our
study group had growth of between 10 000 and
50 000 cfu/mL of a single organism from a urine
culture. All of these infants were identified as high
risk on the basis of the results of the enhanced uri-
nalysis but were not considered to have a positive
culture by our criterion.

DISCUSSION
The evaluation and treatment of infants who are

�2 months of age and present to the ED with fever
remains controversial. Concerns about health care
costs, emerging antibiotic resistance, and potential
complications from routine hospitalization and anti-
biotic therapy have prompted many clinicians to
question the traditional conservative approach to the
treatment of febrile young infants.1–5,11,18–20 The es-
tablishment of treatment guidelines at our institution
was an attempt to identify systematically infants
who are at low risk of SBI and who could be ob-
served without antibiotic therapy.

Our guidelines differ from previously published
criteria in several important ways: 1) we incorpo-
rated an enhanced urinalysis and Gram stain in an
attempt to improve the sensitivity and negative pre-
dictive value of the criteria, 2) we did not consider
acute otitis media to be an SBI and allowed infants
with otitis media to be classified as “low risk” when
they met the remaining criteria, and 3) we included
infants who were �28 days of age.

In many of the previous studies, pneumonia was
considered an SBI only when there was confirmation
of bacterial infection by positive blood culture, tra-
cheal aspirate culture, or bacterial antigen testing.
We chose to include infants with lobar infiltrates on
CXR in the SBI group for several important reasons.
First, it is widely known that microbiologic confir-
mation of bacterial pneumonia is extremely difficult
and not frequently achieved in childhood pneumo-
nia; bacteremia occurs in between 1% and 8% of
cases, bacterial antigen tests are not readily available,
and tracheal aspirate or lung biopsy is not practical
for the vast majority of patients.21,22 Second, all of the
patients who received a diagnosis of pneumonia in

our study had respiratory signs and symptoms, fe-
ver, and lobar infiltrates on CXR; in addition, 6 of 8
had abnormal WBC or absolute band counts, and 3 of
8 had severe respiratory distress that required ad-
mission to the intensive care unit.

Some previous studies did not include CSF find-
ings in their low-risk criteria, although they included
meningitis among the SBIs identified in their study
patients.1,2,4 Although infants and children with
meningitis may be ill-appearing or have laboratory
abnormalities other than CSF pleocytosis, it is possi-
ble for a patient with bacterial meningitis, especially
a young infant, to have only CSF findings to suggest
the diagnosis. In fact, our patient who received a
diagnosis of Enterobacter cloacae meningitis was iden-
tified as “not low risk” on the sole basis of CSF
pleocytosis. We believe that it is important to include
CSF examination in any low-risk criteria for febrile
young infants, and we recommend lumbar puncture
for all of these patients. Although we did classify as
“low risk” a small percentage of well-appearing pa-
tients who did not have a CSF examination per-
formed, these patients were observed carefully with-
out antibiotic therapy, which would allow for
detection of any deterioration in clinical status that
might suggest bacterial meningitis or other SBI.

In our study population, our guidelines allowed
for the identification and safe observation of infants
who were at low risk for SBI without antibiotic ther-
apy. In agreement with previous studies, otitis media
among the febrile young infants in our cohort was
not associated with a significant risk of SBI.1,2 Al-
though the number of patients with otitis media in
this study was small, it seems that these infants can
be treated safely with oral antibiotics and close ob-
servation when the remainder of the evaluation is
unremarkable. All components of the evaluation, in-
cluding a thorough history, complete examination,
and full laboratory testing, are necessary for classi-
fying an infant as low risk for SBI.

There are several limitations to this study. Not all
infants who were identified as “low risk” for having
SBI according to these guidelines were observed
without antibiotics. Although no cases of SBI were
diagnosed, we cannot know with certainty that the
outcome for these infants was not affected by the
antibiotic therapy. The assessment of the infants and
the ultimate treatment decisions were made by nu-
merous physicians with variable approaches to the
febrile infant. It is impossible to determine whether
infants who were deemed “ill-appearing” by one
physician would have been classified as “well-ap-
pearing” and low risk by another; infants who had
an SBI and were treated solely on the basis of ill
appearance may have been observed without admin-
istration of antibiotics by a different physician. Fi-
nally, important historical information, such as sib-
lings with group B streptococcal disease, gestational
age, previous antibiotics, and previous hospitaliza-
tions, was not always recorded systematically.

As observed in previous studies, UTI was the most
commonly diagnosed SBI in our group of febrile
infants. UTI occurs in 5% or more of such patients,
and a substantial proportion of these infants have

TABLE 5. Laboratory Finding(s) Excluding Infants From the
Low-Risk Group and Proportion With SBI

Abnormal Laboratory Finding Number
(%)

Number
With SBI (%)

WBC only 39 (17.8%) 0 (0%)
Absolute band count only 19 (8.7%) 2 (10.5%)
CSF only 56 (25.6%) 1 (1.8%)
Enhanced urinalysis only 22 (10%) 6 (27%)
CXR only 2 (0.9%) 2 (100%)
Combination 81 (37%) 19 (23%)
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concomitant bacteremia.15,23 Our criterion for signif-
icant bacteriuria (�50 000 cfu/mL) was based on
studies by Hoberman et al,14,16,17 who found that the
majority of patients with UTI have growth of
�50 000 cfu/mL. They also showed that the likeli-
hood of contamination and asymptomatic bacteri-
uria is much higher in those with growth of �50 000
cfu/mL. Other investigators have found that UTI is
the SBI most likely to be missed with the application
of low-risk criteria, because of the relatively poor
sensitivity of standard urinalysis. The use of hemo-
cytometer cell counts on uncentrifuged specimens
eliminates the variability of cell counts associated
with centrifugation time and volume of resuspension
commonly encountered with standard urinalysis.
Enhanced urinalysis uses the same technique as cell
counts on other body fluids, such as blood and CSF;
the training, cost, and time required to perform the
test do not differ substantially from standard urinal-
ysis. The enhanced urinalysis has been proved to be
superior to standard urinalysis, and its use results in
improved identification of UTI in febrile infants and
children. The incorporation of the enhanced urinal-
ysis in our evaluation of febrile infants led to the
identification of 100% of patients with positive urine
cultures and aided in the identification of 100% of
patients with SBI.
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Epidemiology of Bacteremia in Febrile Infants in the
United States

WHAT’S KNOWN ON THIS SUBJECT: Bacteremia occurs in 2.2% of
febrile infants who have a blood culture drawn. Regional data
suggest that Escherichia coli, group B Streptococcus, and
Staphylococcus aureus are leading causes; however, the
geographic boundaries of these data limit universal applicability.

WHAT THIS STUDY ADDS: This is the first national study
examining epidemiology of bacteremia in febrile infants admitted
to a general inpatient unit. The most common pathogens were
Escherichia coli (42%), group B Streptococcus (23%), and
Streptococcus pneumoniae (6%). No Listeria monocytogenes was
identified.

abstract
BACKGROUND: Fever in infants is a common clinical dilemma. The ob-
jective of this study was to present data from hospital systems across
the northeast, southeast, mid-west, and western United States to
identify the pathogens causing bacteremia in febrile infants
admitted to general care units.

METHODS: This was a retrospective review of positive blood culture
results in febrile infants aged #90 days admitted to a general care
unit across 6 hospital systems. Data were collected from January 1,
2006 through December 31, 2012 from emergency departments and
general inpatient units. Cultures from ICUs, central lines, or infants
who had complex comorbidities were excluded, as were repeat cul-
tures positive for the same bacteria. Common contaminants were
considered pathogens if they were treated as such.

RESULTS: We identified 181 cases of bacteremia in 177 infants. The
most common pathogen was Escherichia coli (42%), followed by
group B Streptococcus (23%). Streptococcus pneumoniae was more
likely in older infants (P = .01). Non-low-risk bacteremic infants were
more likely to have E coli or group B Streptococcus than low-risk
bacteremic infants. We identified no cases of Listeria monocytogenes.
Variation between sites was minimal.

CONCLUSIONS: This is the largest and most geographically diverse
study to date examining the epidemiology of bacteremia in infants.
We suggest E coli is the most common cause of bacteremia in pre-
viously healthy febrile infants admitted to a general inpatient unit. We
identified no cases of L monocytogenes and question whether empir-
ical therapy remains necessary for this pathogen. Pediatrics
2013;132:990–996
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Fever in infants is a common problem
faced by pediatricians and is often the
only sign of serious bacterial infection
(SBI) in this age group.1 It is estimated
that 2% of infants presenting with fever
without a source will have bacteremia,
but it is often difficult to clinically pre-
dict which infants have bacteremia
before obtaining blood culture results.2–6

For this reason, empirical broad spec-
trum antibiotic coverage is classically
recommended until specific patho-
gens can be isolated or excluded; how-
ever, the recommended antibiotics have
changed very little in the last few dec-
ades.7,8

Recent regional data suggest that the
epidemiology of bacteremia in term
infants is shifting, and that Escherichia
coli is now the most common cause of
bacteremia in febrile infants#90 days
old.2 Once considered the most common
cause of bacteremia in infants, estimates
suggest that group B Streptococcus
(GBS) may now account for as few as
16% of cases and was only the third
most common cause of bacteremia in 1
study.6,9 Early-onset GBS has declined
dramatically since the early 1990s from
1.7 cases per 1000 live births to 0.34 to
0.37 in recent years.10 Additionally, al-
though evidence-based guidelines re-
garding empirical antibiotics continue
to include coverage for Listeria mono-
cytogenes,8 there is evidence that the
incidence of listeriosis has been de-
creasing.11

The subpopulation of febrile infants
who are well-appearing enough to be
admitted to a general inpatient unit is
important. These infants are exposed to
empirical antibiotic coverage pending
culture results, colloquially termed the
“rule out sepsis” evaluation, but rarely
demonstrate true bacteremia. A review
of the literature identified no multi-
center studies examining this issue,
and regional studies were limited to
,100 cases of bacteremia.5,6,10 The low
prevalence of bacteremia in this group,

and potential geographic variability,make
it difficult for regional or single-site
studies to provide generalizable epi-
demiological data, and thus warrant
a national examination. Furthermore,
although patients stratified as low or
non-low risk by the Rochester criteria12

can differ in risk for SBI by greater than
eightfold,5 a literature review did not
identify a study examining bacterial
epidemiology by risk.

Thepurposeof this studywas toprovide
geographically diverse data on the ep-
idemiology of bacteremia in previously
healthy, febrile infants admitted to a
general inpatient unit; to determine the
incidence of L monocytogenes in this
population; and to determine whether
age or infant risk can predict the epi-
demiology of bacteremia.

METHODS

This was a multicenter, retrospective
review of positive, pathogenic blood
cultures in previously healthy, febrile
infants aged #90 days admitted to a
general inpatient unit between January
1, 2006 and December 31, 2012. This
study was independently approved by
the Institutional Review Boards at all
6 participating institutions. Informed
consent was waived.

Study Design

The central site for this study was
Golisano Children’s Hospital at Strong
(GCHS) at the University of Rochester
Medical Center, a tertiary care children’s
hospital located in Rochester, New York.
Participating sites included TheChildren’s
Hospital of Illinois (CHOI), The Children’s
Hospital of The King’s Daughters (CHKD),
Children’s Hospitals and Clinics of
Minnesota (CHCM), The Children’s Hos-
pital at AlbanyMedical Center (AMC), and
Children’s Hospital Los Angeles (CHLA).
Table 1 describes the demographic at-
tributes of the participating sites. All
sites use a BACTEC automated blood
culture detection system.

Each participating site obtained from
their microbiology laboratory an initial
database of all positive blood cultures
drawn from infants#90 days old within
their hospital system. Inter-site study
dates varied secondary to availability of
data and feasibility of collection.

A preliminary review of culture data
allowed exclusion of cultures drawn in
an ICU and a full chart review was then
performedon the remaining cultures to
determine whether study criteria were
met. To qualify for inclusion, cultures
must have been positive for bacteria,
drawn from an infant#90 days of age,
treated as a pathogen, and drawn from
a patient who had either a fever per his-
tory or a recorded temperature of$38.0°
C. Cultures drawn in any manner other
than peripheral venipuncture, from chil-
dren requiring an ICU level of care (de-
fined as drawn in an ICU or from a patient
admitted directly to an ICU), from patients
with central lines, intra-abdominal, intra-
cranial, or intra-thoracic surgical histo-
ries, or repeat cultures growing the
same bacteria from the same infant
were excluded. Cultures that grew com-
mon contaminants such as diphtheroids,
Propionibacterium sp., or coagulase-
negative Staphylococcus (CoNS) were
generally excluded unless the culture
was treated by the attending physician
as a pathogen (eg, a full course of anti-
biotic therapy).

For cultures meeting study criteria,
clinical and demographic information
was collected using a standardized
extraction tool. Abstracted information
included age at the time of culture,
gender of the infant, bacterial species
isolated from the blood, and infant risk
based on modified Rochester Criteria
similar to that used by others.12,13 Each
infant was stratified as either low risk
or non-low risk. Low risk infants were
defined as those without evidence of
focal infection, previous antibiotic ad-
ministration, treatment of hyperbiliru-
binemia, previous hospitalization, history
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of preterm birth (,37 weeks), chronic
medical conditions, abnormal white cell
count (,5000 or .15 000 white blood
cells permm3), absolute band cell count
of.1500 permm3, or urinalysis results
(.10 white blood cells/high power
field).7,8 As in previous studies, patients
who did not meet all of the low risk
criteria, or who had classifying data
that were unavailable, were placed in
the non-low risk group.12–14 When
available, cerebrospinal fluid (CSF) and
urine culture results were recorded if
drawn within 24 hours of the positive
blood culture to assess for concurrent
urinary tract infection (UTI) and/or
meningitis. In cases of Staphylococcus
aureus bacteremia, a further chart re-
view was done to determine whether
there was concern for skin or soft-
tissue infection (SSTI) at the time of
blood culture. The principal investigator
at each site was responsible for en-
suring that cultures from their site met
study criteria and datawere reported to
GCHS for analysis.

Data Analysis

Prevalence of bacterial species among
infants was calculated and reported
along with a basic statistical summary.
x2 was used to determine variance in
bacterial prevalence among the 6 sites
(the 2 smallest sites were combined)
for prevalence of E coli compared with
all other bacterial species and GBS
compared with all other bacterial spe-
cies. The 95% confidence interval for
L monocytogenes was determined by
using a method proposed for numer-
ators of zero.15,16 x2 or Fisher’s exact
tests were used to test dichotomous
variables, with statistical significance
set at P , .05. The statistical program
used was SPSS version 21 (IBM SPSS
Statistics, IBM Corporation).

RESULTS

We identified 2901 positive blood cul-
tures from infants #90 days of age

within the study period (Fig 1). Eighteen
hundred were excluded because they
were drawn from patients who were in
a neonatal or pediatric ICU, admitted
directly to the ICU, or who had central
lines. Of the remaining cultures, 811
were either identified as a contaminant
or not treated as a pathogen and there-
fore did not meet inclusion criteria, the
majority of which were CoNS (59%). Be-
cause of complex comorbidities, an ad-
ditional 96 cultureswere excluded. Of the
remaining 194 cultures, 9 were not
obtained from an infant who had a fever
history and 4 were duplicate cultures
growing the same bacteria from the
same patient, leaving 181 cultures for
analysis obtained from 177 infants. Ta-
ble 2 displays demographic information
for cultures by site and in total. E coli

was themost prevalent pathogen in all but
1 hospital system. There was no statisti-
cally significant difference in the preva-
lence of E coli, GBS, or all other bacteria
species between sites (x2 = 9.9, P = .28).

Nineteendifferentbacterial specieswere
identified (Table 3). The most common
pathogen recovered from all blood cul-
tures was E coli (76/181, 42%), followed
by GBS (41/181, 23%), Streptococcus
pneumoniae (10/181, 6%), and S aureus
(9/181, 5%). Of the infants we identified
with S aureus bacteremia, 56% (5/9)
had evidence of SSTI on presentation.
Therewere no cases of Lmonocytogenes
(95% confidence interval, 0%–2% of total
cases).

Urine cultures were obtained in 172
(95%) cases and 85 (49%) of thesewere

TABLE 1 Characteristics of Participating Pediatric Hospital Systems

Site Location Annual Pediatric
Admissions

Annual Pediatric
ED Visits

Study Dates

CHCM St Paul and Minneapolis, MN 12 000 90 000 1/2008 to 8/2012
CHLA Los Angeles, CA 11 000 62 000 1/2009 to 12/2012
GCHS Rochester, NY 6000 27 000 1/2009 to 2/2012
CHKD Norfolk, VA 5500 47 000 10/2007 to 9/2012
AMC Albany, NY 3500 13 000 1/2009 to 9/2012
CHOI Peoria, IL 1800 15 000 1/2006 to 10/2012

FIGURE 1
Flow diagram of included infants and blood cultures.
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positive for bacteria. Of the 76 blood
cultures that grew E coli, 75 (99%) had an
associated urine culture collected and 68
(91%) of these were found to have con-
current E coli UTI. Of the 105 blood cul-
tures positive for other bacterial species,
97 (92%) had associated urine cultures
and 16 (15%) had concurrent UTI.

CSFcultureswereobtained in151 (83%)
cases, 20 (13%) of which were positive
for bacteria. GBS was the bacterial
speciesmost likely to cause concurrent

meningitis (10/37, 27%). Therewas also
1 case of Pantoea sp. bacteremia with
concurrent GBS meningitis. Of the 76
cases of E coli bacteremia, 63 had CSF
cultures obtained and 5 (7%) had
concurrent meningitis. Two infants
who had E coli bacteremia and E coli
UTI also had concurrent E coli menin-
gitis (2/68, 3%). Of the 10 cases of
S pneumoniae bacteremia, 4 had CSF
cultures obtained and 1 of these had
concurrent meningitis.

In the majority of cases, infants were
non-low risk (144/181, 80%). Four (3%)
of these were placed into this category
owing to missing data. There was
no difference in gender (P = .88) or age
(P = .97) between risk groups. Table 4
highlights the characteristics of in-
fants who had bacteremia from the 5
most common pathogens. Non-low risk
bacteremic infants were significantly
more likely than low risk bacteremic
infants to have E coli (P = .001) or GBS
(P = .01). In the non-low risk cohort, 4%
(8/181) of cultures grew Klebsiella sp.
as compared with none (0/37) in the
low risk infant cohort. Infants who had
S pneumoniae bacteremia were sig-
nificantly more likely to be older than
infants who had other causes of bac-
teremia (P = .01).

DISCUSSION

This multiregional study examined the
epidemiology of bacteremia in pre-
viously healthy febrile infants outside of
the ICU. A national approach is particu-
larly salient to the question of bacterial
epidemiology in our patient population
for 2 reasons. First, bacteremia in this
groupisarareeventandcombiningdata
from 6 centers allows us a more rigor-
ous examination than would otherwise
be possible. Second, patterns of bacte-
rial prevalencemay vary geographically,
potentially limiting generalizability of
regional data.

Our study demonstrates an increasingly
prominent role for E coli as a cause of
bacteremia in febrile infants in the
United States. These results are largely
consistent with single-region observa-
tions, although we do demonstrate a
slightly lower percentage of bacteremia
caused by Gram-negative organisms
(53%) than previous studies (63%–
80%).2,10,17

The majority of infants who had E coli
bacteremia had concurrent UTI. It has
been suggested that infants who have
E coli UTI may not require a lumbar

TABLE 2 Inter-Site Characteristics of Positive Cultures Drawn From Infants

Site n Male (%) Median Age in
Days (Range)

Non-Low Risk (%) Most Common
Organisms (%)a

CHCM 86 44 (51) 38 (7–88) 69 (80) E coli (50)
GBS (17)

CHKD 29 13 (45) 36 (10–81) 26 (90) E coli (41)
GBS (21)

CHLA 25 16 (64) 39 (6–90) 21 (84) E coli (44)
GBS (24)

CHOI 23 12 (52) 42 (3–81) 15 (65) GBS (39)
E coli (17)

GCHS 10 3 (30) 23 (15–66) 6 (60) GBS (40)
g strep (20)

AMC 8 3 (38) 33 (9–73) 7 (88) E coli (63)
GBS (13)

Total 181 91 (50) 34 (3–90) 144 (80) E coli (42)
GBS (23)

Percentages may not add to 100 owing to rounding.
a AMC also had Neisseria sp. (13) and S aureus (13).

TABLE 3 Bacterial Pathogens Identified From Infants With Bacteremia

Pathogen n (%) Male (%) Median Age in
Days (Range)

Concurrent
UTI (%)

Concurrent
Meningitis (%)

All Species 181 (100) 91 (50) 34 (3–90) 86/174 (49) 20/152 (13)
E coli 76 (42) 44 (58) 31 (5–87) 69/75 (92)a 5/63 (8)
GBS 41 (23) 18 (44) 36 (11–88) 4/39 (10) 10/37 (27)
S pneumoniae 10 (6) 3 (30) 65 (10–81) 0/9 (0) 1/4 (25)
S aureus 9 (5) 3 (33) 35 (20–58) 1/8 (13)b 0/8 (0)
Klebsiella sp. 8 (4) 5 (63) 30 (11–90) 6/8 (75) 0/7 (0)
Viridans streptococci 8 (4) 5 (63) 34 (7–78) 1/8 (13) 0/7 (0)
Enterococcus sp. 7 (4) 2 (29) 33 (6–71) 1/7 (14) 1/6 (17)
g-heme Strep. 4 (2) 1 (25) 32 (23–85) 0/3 (0) 0/3 (0)
Salmonella sp. 3 (2) 1 (33) 31 (25–40) 1/3 (33)c 0/3 (0)
S pyogenes 3 (2) 2 (67) 42 (11–74) 0/3 (0) 0/3 (0)
Pseudomonas sp. 2 (1) 1 (50) 25 (11–39) 1/1 (100) 0/1 (0)
Moraxella sp. 2 (1) 2 (100) 86 (84–88) 0/1 (0) 0/2 (0)
Neisseria sp. 2 (1) 0 (0) 54 (33–74) 0/2 (0) 1/1 (100)
CoNS 1 (1) 1 (100) 24 (24) 0/1 (0) 1/1 (100)
Citrobacter sp 1 (1) 1 (100) 21 (21) 1/1 (100) 0/1 (100)
B cereus 1 (1) 1 (100) 28 (28) 0/1 (0) 0/1 (0)
Pantoea sp. 1 (1) 0 (100) 15 (15) 0/1 (0) 1/1 (100)a

H influenzae 1 (1) 1 (100) 3 (3) 0/0 0/1 (0)
Enterobacter sp. 1 (1) 1 (100) 24 (24) 0/1 (0) 0/1 (0)
a One culture grew GBS.
b Culture grew E coli.
c Culture grew Klebsiella sp.
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puncture.18 However, in infants who had
E coli UTI and bacteremia, we identified
2 cases (3%) of concurrent meningitis.
GBS remains a common cause of bac-
teremia and was the most common
bacteria to cause concurrentmeningitis
(27%).

Consistent with previous regional data,
we found no cases of L monocytogenes
bacteremia.2,10,17 There has been an
overall decrease in laboratory-confirmed
listeriosis in recent decades, likely
owing to prohibitions regarding the
sale of potentially contaminated food
and public education campaigns tar-
geted at high-risk populations, including
pregnant women.19 Although L mono-
cytogenes is generally considered a cy-
clical pathogen, making it possible that
our data were gathered during a “lull”
in incidence, we collected geographi-
cally diverse data over several years
during which time there were several
nationally reported outbreaks of liste-
riosis.20 Historically, physicians have
been taught that bacteremia in young
infants is caused by GBS, E coli, and L
monocytogenes.21,22 This classic teach-
ing stems from studies performed de-
cades ago when L monocytogenes was
a more common cause of food-borne
infection.23,24 Based on our data and
regional studies performed previously,
we suggest that the etiologies of SBI
taught to physicians in training and
documented in written text should be re-
vised to reflect current epidemiology.9,18

Classifyingeachcultureascoming from
either a low or non-low risk infant was
done inanattempt todeterminewhether
children who had certain bacteria were
more likely to be “sicker.” As would be

expected, most infants who had bac-
teremia were classified as non-low risk
by the Rochester criteria. The finding of
bacteremia in low risk infants is not
a critique of the performance of pub-
lished guidelines for the management
of low risk febrile infants,12 as we ex-
amined only children who had bacter-
emia. Therefore, we are not attempting
to provide data regarding risk for bac-
teremia in either risk cohort. What our
data suggest is that, in infants who have
bacteremia, those classified as non-low
risk are more likely to have bacteremia
attributable to E coli or GBS than low
risk infants. It is notable that, although
sample size limits statistical signifi-
cance, we did not find a single case of
Klebsiella sp. in our low risk infant
population.

Current recommendations for empirical
antibiotic coverage for febrile infants
typically includethecombinationofeither
ampicillin and gentamicin or ampicillin
andathird-generationcephalosporin.21,22

The importance of ampicillin in the
empirical antibiotic regimen for febrile
infants has been maintained for cov-
erage of both L monocytogenes and
Enterococcus sp.25 Although a large
prospective examination is necessary
before firm recommendations regard-
ing a change in empirical therapies can
be made, we identified no cases of
L monocytogenes bacteremia and only
4% of infants had bacteremia caused
by Enterococcus sp. Given that the
overall risk for bacteremia in our pop-
ulation is estimated at 2%,2,5 we suggest
that incidence of Enterococcus bacter-
emia may be,0.1%. Future prospective
studies examining resistance patterns

and incidence may confirm that empiri-
cal monotherapy with a third-generation
cephalosporin, such as cefotaxime, may
be adequate. Cefotaxime is well toler-
ated in young infants and should provide
coverage for the vast majority of
pathogens we identified.26,27 This study
also highlights the emergence of S au-
reus as a leading pathogen in bacter-
emia in young infants, similar to that
seen previously,2,10 and it should be
considered particularly for febrile in-
fants in whom SSTI is suspected.

Ourdecision to use treatmentwith a full
course of antibiotics as anaspect of our
study criteria warrants some explana-
tion, although this is not the first time
that treatment has been used in some
way to determine contamination.2 Al-
though there are bacteria that should
always represent a true infection,28 and
some that almost always represent
contamination in an otherwise healthy
child,28,29 using bacterial species alone to
determine contamination is unlikely to
be sufficient, because many common
contaminants can also represent true
bacteremia.28–30 For this reason we feel
that, although we did potentially exclude
up to 3 cases of true bacteremia (1 cul-
ture grew several species including S
aureus, and 2 others grew E coli; per
chart review, none were treated and all
did well), our method of determining
contaminants allowed us to avoid in-
cluding many cases that likely did not
represent true bacteremia. One example
was a febrile infant sent home from the
emergency department without anti-
biotics after having blood cultures drawn
that eventually grew Enterococcus sp.
Further review revealed that the repeat
cultures from the outpatient office
showed no growth, and that the child
was afebrile and doing well at 1 week
follow-up. Our study criteria allowed us
to exclude this patient, who would oth-
erwise have been mistakenly included.

Our study had several limitations. First,
the retrospective nature of the review

TABLE 4 Characteristics of Infants by the Most Common Pathogenic Blood Culture Species

Variable Male (P ) Non-Low Risk (P ) 0–30 d 31–60 d 61–90 d P

E coli 44 (.08) 69 (.001) 37 22 17 .48
GBS 18 (.35) 27 (.01) 18 15 8 .86
S pneumoniae 3 (.16) 8 (.99) 2 2 6 .01
S aureus 3 (.24) 6 (.33) 3 6 0 .07
Klebsiella sp. 5 (.72) 8 (.36) 4 2 2 .87
All other 18 (.82) 26 (.12) 16 14 7 .80
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inhibited our ability to identify negative
blood cultures, so we are unable to
provide information regarding the
overall risk for bacteremia. This limits
our ability to provide firm recommen-
dations regarding empirical antibiotic
therapyandaprospective, national study
is necessary. Second, criteria for ICU
admission vary from institution to in-
stitution and this may have introduced
some unidentified heterogeneity in our
patient population. Third,whenanalyzing
the difference in bacterial species be-
tween risk cohorts, statistical signifi-
cance of some individual species was
limited by small sample sizes (eg,
Klebsiella sp.). Additionally, we as-
signed risk retrospectively after the in-
fantwas known to have bacteremia; risk

classification is typically employed as
a way to predict which infants will have
an SBI before 1 being identified. Finally,
the start date of data collection varied
between sites by up to 14 months owing
to limitations in the availability of data
within each institution’s microbiology
database. However, our analysis found
no statistically significant variability in
the prevalence of E coli, GBS, or all other
species (P = .28), which suggests uni-
formity across the dates of study.

CONCLUSIONS

We present the largest study to date
examining the question of bacterial ep-
idemiology in infants admitted to the
generalcareunitwithbacteremia. These

data support the trend seen in previous
regional publications that E coli has
become the most common cause of
bacteremia in febrile infants admitted
to the general care unit, with GBS and S
pneumoniae the second and third most
common causes, respectively. Together,
these 3 species account for 71%of positive
blood cultures in our patient population.
Not a single case of L monocytogenes
was identified. In infants who have bac-
teremia, E coli and GBS aremore likely to
be identified as the cause in non-low risk
than in low risk infants and S pneumo-
niae is more likely to be found in older
infants. We suggest a prospective eval-
uation to determinewhether a change in
typical empirical antibiotic regimens is
necessary.
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Original StudieS

Background: Management of febrile young infants suspected of having 
serious bacterial infections has been a challenge for decades. The impact 
of changes in prenatal screening for Group B Streptococcus and of infant 
immunizations has received little attention in population-based studies.
Methods: This study analyzed all cultures of blood, urine and cerebrospinal 
fluid obtained from full-term infants 1 week to 3 months of age, who pre-
sented for care at Kaiser Permanente Northern California during a 7-year 
period utilizing electronic medical records.
Results: A total of 224,553 full-term infants were born during the study 
period. Of 5396 blood cultures, 129 bacteremic infants were identified 
(2%). Of 4599 urine cultures, 823 episodes of urinary tract infection (UTI) 
were documented in 778 infants (17%). Of 1796 CSF cultures, 16 infants 
had bacterial meningitis (0.9%). The incidence rate of serious bacterial 
infections (bacteremia, UTI and meningitis) and febrile serious bacterial 
infections was 3.75 and 3.1/1000 full-term births, respectively. Escherichia 
coli was the leading cause of bacteremia (78), UTI (719) and bacterial men-
ingitis (7). There were 23 infants with Group B Streptococcus bacteremia 
including 6 cases of meningitis and no cases of Listeria infection. Nine per-
centage of infants had multiple sites of infection; 10% of UTIs were associ-
ated with bacteremia and 52% of bacteremia was associated with UTI.
Conclusions: Compared with earlier studies, UTIs now are found sig-
nificantly more often than bacteremia and meningitis with 92% of occult 
infections associated with UTIs. These data emphasize the importance of 
an urinalysis in febrile infants.

Key Words: serious bacterial infections, infant, Group B Streptococcus, 
Escherichia coli, urinary tract infection

(Pediatr Infect Dis J 2014;33:595–599)

In an effort to develop a rational approach to the management 
of febrile infants, numerous studies have used serious bacte-

rial infection (SBI) as an outcome measure.1–16 It is estimated that 
7–12.8%1–16 of febrile infants <3 months of age will have a SBI, but 
the true incidence rate of SBIs in this age group is unknown. Accu-
rately assessing the incidence of SBIs has been difficult for several 
reasons. First, most studies include bacterial meningitis, bactere-
mia and urinary tract infections (UTIs) in the definition of SBI, 

but some have also included bone and joint infections, skin and 
soft tissue infections, pneumonia and bacterial gastroenteritis.14,17,18 
Additionally, many studies describing the epidemiology of SBIs 
were conducted before routine immunization against Haemophi-
lus influenza type b (Hib) and Streptococcus pneumoniae or were 
completed before implementation of changes in prenatal screening 
for Group B Streptococcus (GBS).2,7,9–11,13,14 Finally, most studies 
describing the epidemiology of SBIs were not population based and 
have focused solely on febrile infants, although infants with SBI 
can present without fever.

Changes in healthcare practices over the last decade that 
may alter the incidence of infections in young infants include a 
decline in circumcision rates19 and increasing use of intrapartum 
antibiotics (IPAs) that may increase the risk for late onset SBIs and 
ampicillin-resistant pathogens.4,20,21

Using a population-based approach in a large healthcare 
organization in Northern California, we aim to (1) describe the 
incidence rate of bacteremia, UTI and meningitis (SBIs), (2) deter-
mine the current epidemiology of SBIs and (3) better elucidate cur-
rent clinical practice regarding acquisition of cultures.

MATERIALS AND METHODS
Approval to conduct this study was granted by the Institu-

tional Review Board of Kaiser Permanente Northern California 
(KPNC). Informed consent was waived.

Study Design
This study retrospectively analyzed KPNC’s electronic 

medical record system to identify all blood, urine and cerebrospi-
nal fluid (CSF) cultures obtained in full-term infants born between 
January 1, 2005, and December 31, 2011, presenting for care to 
KPNC at 7–90 days of age.

Kaiser Permanente is the largest Health Maintenance 
Organization in the United States, with over 3.3 million members 
in Northern California with over 40 pediatric clinics, 19 emer-
gency departments and 10 pediatric hospital wards. In 2008, 53% 
of enrolled women of child bearing age were Caucasian, 6% were 
African American, 23% were Asian and 14% were “Other”. Eight-
een percentage identified their ethnicity as Latino. The household 
income was $50–100,000 and >$100,000 in 48% and 28% of 
women, respectively. Six percentage were insured thru Medi-Cal 
(California’s Medicaid program), a public health insurance pro-
gram for low-income individuals.22

Subjects were previously healthy, full-term infants (≥37 
weeks at birth), 1 week to 3 months of age. Infants with underly-
ing medical conditions (neuromuscular, cardiovascular, respiratory, 
gastrointestinal, metabolic, hematologic, immunologic, other con-
genital or genetic, malignant or renal abnormalities) were excluded 
as determined by ICD-9 codes.23,24 Potential cases were defined as 
infants with positive cultures collected in the outpatient setting, 
emergency department or first 24 hours of hospitalization. Addi-
tional cultures obtained within 3 days of a positive or negative cul-
ture were not considered a unique episode and were not included 
in the analysis unless they identified a new pathogen. Culture data 
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obtained on infants with a prior SBI were collected but not included 
in all analyses.

SBI
An infant with bacteremia, UTI and/or bacterial meningitis 

was classified as having a SBI.

Bacteremia
All organisms identified in blood cultures were classified as 

contaminants or pathogens based on chart review (T.L.G.). Commen-
sal organisms typically found on the skin (eg,  coagulase-negative 
staphylococci, viridans group streptococci, Micrococcus species 
and diphtheroids) were considered contaminants unless obtained 
from 2 or more cultures and treated by a clinician as a pathogen.25 
Contaminants were included in the analysis as negative cultures.

UTI
Urinalysis results were considered positive if the specimen 

contained leukocyte esterase and/or nitrites. Urine microscopy was 
positive if the specimen had ≥10 white blood cells per high pow-
ered field. In infants 7–60 days, UTI was defined as a catheter-
ized urine culture with ≥10,000 colony-forming units of a single 
organism per milliliter. In infants 61–90 days, diagnosis of UTI 
was defined as a catheterized urine culture with both pyuria and 
≥50,000 colonies per milliliter of a single uropathogenic organ-
ism.26 If the urine specimen was obtained from a perineal bag and 
≥100,000 colony-forming units of a single uropathogenic organism 
per milliliter grew, chart review (T.L.G or E.L.) was conducted to 
determine whether the infant was treated for a UTI.

Meningitis
Bacterial meningitis was defined as a positive CSF culture 

for a known pathogen.

Clinical Characteristics
Fever was defined as a recorded temperature ≥100.4o Fahr-

enheit (F; 38.0°C) rectally. Documentation of a rectal or axillary 
temperature ≥100.4oF before arrival to medical care qualified as a 
fever. To be included in the “ill” category, 1 of the following terms 
had to be documented in the medical record: “toxic,” “lethargic,” 
“ill appearing,” “nonresponsive” or “inconsolable”.

Chest Radiographs
Chest radiographs were defined as abnormal if radiographic 

reading “pneumonia” or “suspicious for pneumonia”.

Viral Testing
Nasopharyngeal specimens performed at clinician’s discre-

tion for viral culture and/or respiratory syncytial virus or influenza 
polymerase chain reaction.

Statistical Analysis
We conducted the Cochran-Armitage test for trend to exam-

ine the incidence rate by year. Fisher’s test was used to compare cat-
egorical variables and determine P values. All statistical tests were 
2-side and P < 0.05 was considered statistically significant. The 
statistical program used was SAS 9.1 (SAS Institute, Cary, NC).

RESULTS
During this 7-year study, 224,553 full-term infants were born 

at KPNC. Of those infants, 92.4% remained in care for >90 days. 
Data on infants born outside KPNC, but enrolled before 90 days of 
age was not available. For purposes of analysis, 224,553 will be the 
denominator with confidence intervals (CIs) under the assumption 
that for every disenrolled patient, 0.5 or 1.5 infants born elsewhere 
enrolled by 90 days. Of 6780 infants with at least 1 blood, urine or 
CSF culture, 1640 cultures from 548 infants were excluded due to 
underlying medical conditions. Excluding duplicate cultures from 
the same source (eg blood, urine or CSF) obtained within 3 days of 
the initial culture, resulted in 5636 blood, 4599 urine and 1796 CSF 
cultures collected from 6232 infants.

SBIs occurred in 13.5% (842/6232) of infants. The 842 
infants had 968 SBIs including 129 bacteremia, 823 UTIs and 16 
bacterial meningitis. Forty-five UTIs occurred after a previously 
identified SBI, with 44 occurring after preceding UTI. Among 
infants 7–90 days with a first time SBI, 92% (778/842) had a UTI 
(Table 1). The incidence rate of first time SBI and febrile SBI was 
3.75 (95% CI: 3.6–3.9) and 3.1 (95% CI: 3.0–3.26)/1000 full-
term births, respectively. The incidence rate of bacteremia, UTI 
and meningitis was 0.57 (95% CI: 0.55–0.59), 3.46 (95% CI: 
3.34–3.60) and 0.07 (95% CI: 0.069–0.074)/1000 full-term births, 
respectively. The sum of the incidence rate of individual SBIs is 
greater than the overall incident rate, because some infants had 
multiple sources of infection. Using the Cochran-Armitage test for 
linear trend, the incidence of SBIs over the 7 years of our study was 
not statistically significant (P = 0.29).

Infants 7–28 days were more likely to get a complete evalu-
ation for SBI including blood, urine and CSF cultures (Table 2). 
The average number of cultures from separate sources obtained in 
infants during 7–28, 29–60 and 61–90 days was 2.6, 2.3 and 1.8, 
respectively (P < 0.0001). Sixty-two percentage of infants 7–28 
days had a full evaluation compared with 40% of infants 29–60 
days. Of infants 61–90 days, 13% had a complete evaluation, 59% 
had both urine and blood culture and 27% had only a urine culture.

Table 3 lists the pathogens causing bacteremia, UTI and 
meningitis. Escherichia coli was the leading cause of bactere-
mia (78), UTI (719) and bacterial meningitis (7). There were 23 
infants with GBS bacteremia including 6 cases of meningitis. There 
were no cases of Listeria or meningococcal infection. Including 
only febrile infants did not appreciably change the distribution of 

TABLE 1. Characteristics of Infants With First Episode of SBI

Variable

Bacteremia UTI Meningitis 

N = 129 (%) N = 778 (%) N=16 (%)

Male 74/129 (57) 462/778 (59) 7/16 (44)
Febrile 115/122 (94) 575/676 (85) 14/15 (93)
Ill-appearing 21/123 (17) 46/670 (7) 10/16 (63)
White blood cell count ≥15,000 × 109/L 57 /129 (44) 300/672 (45) 5/16 (31)
Viral co-infection 2 /34 (6) 11/119 (9) 0/6 (0)
Abnormal urinalysis 66/114 (58) 615/671 (92) 6/15 (40)
Abnormal chest radiograph 14/82 (17) 39/349 (11) 2 /13 (15)
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infections; however, all infants with multiple sources of infection 
were febrile.

Blood culture results from the 2005–2009 dataset were pre-
viously published.25 Including the period 2010–2011 did not sig-
nificantly change these results. Of 5636 blood cultures, 437 (8%) 
were positive, but only 129 (2%) were positive with a pathogen. 
Ninety-four percentage of infants were febrile, but only 17% were 
described as ill appearing (Table 1). Gram-negative organisms 
accounted for the majority (88/129, 68%) of bacterial pathogens 
and E. coli (78/129, 60%) was the most common overall (Table 3). 
E. coli and Staphylococcus aureus were evenly distributed through 
ages 7–90 days. Only 1 case of GBS occurred from 61 to 90 days. 
There were no cases of methicillin-resistant S. aureus or neonatal 
S. pneumoniae.

Of 4599 urine cultures obtained, 1085 urine cultures grew 
a potential pathogen. Excluding infants not treated for a UTI and 
those not meeting criteria for UTI resulted in 823 UTIs in 778 
infants. A second UTI occurred in 5.7% (44/778) of which 6.8% 
(3/44) had a third UTI. Data on the 778 infants with first episode 
UTI are presented in Table 1. Males accounted for 59% and the vast 
majority (437/462, 95%) were uncircumcised. The most common 
urinary pathogens were E. coli, Klebsiella sp., Enterobacter sp. and 
Enterococcus sp (Table 3). Three of the E. coli isolates produced an 
extended spectrum beta lactamase.

Of 1796 CSF cultures, 73 (4%) were positive, but only 16 
(0.9%) were positive with a pathogen. Ninety-three percentage 
(14/15) of infants were febrile and 63% ill appearing (Table 1). 
Seven cases of meningitis occurred during 7–28 days, 6 during 
29–60 days and 3 additional from 61 to 90 days. There were no 
cases of neonatal S. pneumoniae meningitis and only 1 case of GBS 
meningitis from 29 to 90 days (Table 3).

Of 842 infants, 78 had multiple sources of infection (Fig. 1 
and Table 4) These occurred more frequently in infants 7–28 days. 

Forty-three percentage occurred from 7 to 28 days compared with 
35% and 23% occurring from 29 to 60 and 61 to 90 days, respec-
tively (P = 0.008, 7–28 vs. 29–90 days). Of the 129 total cases 
of bacteremia, 76 (59%) occurred with another positive culture. In 
all but 1 case, the organisms were identical. Not all infants with 
UTIs had a complete evaluation. This difference was related to age. 
From 7 to 28, 29 to 60 and 61 to 90 days, 97%, 89% and 71% of 
infants with a UTI had a blood culture, respectively. In infants with 
UTIs with blood cultures obtained, UTI was associated with bac-
teremia in 13%, 8.5% and 8.9% of infants 7–28, 29–60 and 61–90 
days, respectively (P = 0.0055, 7–28 vs. 29–90 days). Only 30% 
(232/778) of infants with a UTI had a CSF culture. Two cases of 
E. coli meningitis occurred with negative blood cultures, but posi-
tive urine cultures.

DISCUSSION
This study is the first to capture a large enrolled population 

of infants from the outpatient setting, emergency department and 
first 24 hours of hospitalization with positive cultures. The inci-
dence rate of all SBIs was 3.75 (95% CI: 3.6–3.9)/1000 full-term 
infants. SBIs occurred infrequently in the general population, but 
frequently (13.5%) in those febrile or sick enough to have a culture 
obtained. Ninety-two percentage of the SBIs were UTIs. Exclud-
ing infants with temperature data missing and those who were afe-
brile did not appreciably change the distribution of infections. As 
in our previous study and other recent studies, E. coli remained the 
leading cause of bacteremia.25,27 This pathogen was also the most 
common cause of UTI and bacterial meningitis. Similar to other 
recent publications, there were no cases of Listeria or meningo-
coccal infection.3,4,21 Blood and CSF culture contamination rates 

TABLE 3. Most Common Bacterial Pathogens Detected 
in 129 Blood, 823 Urine and 16 CSF Cultures

Organism Blood N (%) Urine N (%) CSF N (%)

Gram Negative
  E. coli 78 (60) 719 (87) 7 (34)
  Klebsiella sp. 3 (2) 34 (4) 1 (6)
  Salmonella sp. 3 (2) 0 (0) 0 (0)
  Enterobacter sp. 0 (0) 17 (2) 0 (0)
Gram Positive
  GBS 23 (18) 4 (0.5) 6 (27.5)
  S. aureus 8 (6) 0 (0) 0 (0)
  Enterococcus sp. 3 (2) 17 (2) 0 (0)
  S. pneumoniae 3 (2) 0 (0) 2 (12.5)

FIGURE 1. Venn diagram illustrating the distribution of 
infections with 1 source and >1 source.

TABLE 2. Culture Acquisition by Age in Infants  
With SBI

Cultures Obtained

Age (Days)

Total7–28 29–60 61–90

Complete evaluation (blood, 
urine and CSF cultures)

147 137 33 317

Blood and urine cultures only 84 173 153 410
Blood and CSF only 1 1 0 2
Urine and CSF only 1 1 1 3
Blood culture only 1 2 3 6
Urine culture only 5 30 69 104
Total 239 344 259 842

TABLE 4. Pathogen Source: First Episode of SBI

Source of Pathogen

Age (Days)

Total7–28 29–60 61–90

Blood only 22 22 9 53
Urine only 184 294 231 709
CSF only 0 1 1 2
Blood/urine 27 21 16 64
Blood/CSF 5 2 2 9
CSF/urine 1 1 0 2
Blood/urine/CSF 0 3 0 3
Total (>1 source) 239 (33) 344 (27) 259 (18) 842 (78)
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were high. Seventy percentage of positive blood cultures and 78% 
of positive CSF cultures were contaminants.

The epidemiology of SBIs has changed over the last 3 
decades.3,4,6,15 Publications from the 1980s to 1990s report the 
composition of SBIs as: 20–30% bacteremia, 30–55% UTI and 
0–14% meningitis.9,11,14,28 This study demonstrates a shift in the 
distribution of SBIs, with a marked increase in the percentage of 
infants with UTI alone (84%) or in combination with other infec-
tions (8.2%). There was a corresponding decrease in the propor-
tion of SBIs due to isolated bacteremia (6.3%) or isolated bacte-
rial meningitis (0.2%).

The cause for this shift is multifactorial. A small proportion 
of the decline in bacteremia and meningitis can be attributed to the 
decline in Hib and S. pneumoniae infections due to herd immunity. 
The complete absence of Listeria infections in this large Northern 
California cohort is noteworthy. It may be a regional variation or 
due to improved food safety standards. In Northern California, we 
would not recommend adding ampicillin to an antibiotic regimen 
solely for Listeria coverage.

UTI was the most common SBI in our study. The percent-
age of positive urine cultures (17.9%) was higher than previously 
reported, which may be due to several factors.1,3,4,6,15 Although we 
included both perineal bag and catheter specimens, infection rates 
are similar between bag and catheter specimens.29,30 Excluding all 
bag specimens would reduce the percentage of positive cultures, 
but would likely underestimate the true UTI rates. The most likely 
contributing factors increasing the percentage positive were due to 
the selective testing by practitioners (eg testing infants with higher 
risk of UTI) and incomplete evaluations. Increasing the denomina-
tor from 4599 (infants with urine cultures) to 6232 (infants with 
blood, urine or CSF cultures) lowered the percentage positive to 
13%, which correlates well with preceding studies.1,3,4,6,15

We identified a high proportion of patients with UTI and 
bacteremia. Data published in the 1990s describing the epidemiol-
ogy of SBI among infants reported that 0–4% of bacteremia epi-
sodes occurred with UTI.9–11,21,31 Fifty-two percentage of bacteremia 
episodes occurred with UTI. Of infants with UTIs and blood cul-
tures obtained, 10% were bacteremic. Our population-based data 
are similar to data published over the last decade, reporting 4–11% 
of UTIs with bacteremia.1,3,4,6,15,29,30 However, we report the highest 
rate of bacteremia occurring with UTI (52%) as previous studies 
varied from 17 to 45%.1,3,4,6,15,29,30 The cause of this increase in bac-
teremia with UTI remains unclear. Removing infants without a com-
plete evaluation, younger infants (7–28 days) continued to have a 
higher percentage of infections with more than 1 source. Additional 
research is needed to determine whether the presence of a UTI with 
bacteremia should be managed differently than a UTI alone.

Our study had some limitations. As already discussed, the 
precise denominator is unclear, but we have accounted for this 
in our analyses. Although KPNC is an established Health Main-
tenance Organization with the vast majority of enrolled patients 
receiving all their care from a KPNC facility, infants may have 
been seen elsewhere. If an infant was ill, the infant would likely 
return to a KPNC facility for follow up. It is possible that some 
infants received antibiotics before having cultures obtained and 
a small number of SBIs may have been missed. The demograph-
ics of KPNC patients are not representative of Northern Califor-
nia or the United States. With 76% of our population reporting a 
median income of > $50,00021 at a time when United States median 
income was approximately $52,000, it is possible that rates in lower 
socioeconomic status groups will differ. Acquisition of a bacterial 
culture was at the clinician’s discretion so it is likely our rates are 
higher than in studies where all febrile infants had complete sepsis 
workups. Some infants may have been afebrile at the time cultures 

were obtained. Fevers at home not recorded in the medical record 
would change the incidence of SBI in febrile infants, but not the 
overall incidence rate. Despite these limitations, given the rare 
occurrence of SBIs in this age group and the large population base, 
it is likely that our study accurately reports incident rates for bacte-
remia, UTIs and bacterial meningitis.

Finally, it is noteworthy that this population based study 
reflects the behavior of clinicians. The selective testing of infants 
(eg only 13% of infants 61–90 days with a SBI had blood, urine 
and CSF cultures obtained) may explain the decreased detection 
of infections with >1 source in the third month of life. The 2011 
American Academy of Pediatrics Guideline on the management of 
UTIs26 did not publish a recommendation for performing blood cul-
tures in the third month of life; however, 70% of infants with a UTI 
had a blood culture performed. With an increasing number of UTIs 
with or without bacteremia, the antimicrobial regimen directed 
towards treating these infections becomes an increasingly impor-
tant question with clinical implications.

The evidence presented in this cohort analysis suggests 
increased scrutiny for UTIs, emphasizes the importance of an uri-
nalysis in febrile infants and potentially a selective approach in 
infants with UTI from 61–90 days. Given the extremely low risk of 
Listeria, providing additional antibiotic coverage for this organism 
seems unwarranted.
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