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Study Objective:  
To derive and validate a prediction rule to identify febrile infants less than 60 days old who are low risk for 
Serious Bacterial Illness (SBI). 
 
Study Methodology: 
•Design- multicenter (26 emergency departments), prospective, observational study conducted between March 
2011 to May 2013; data of the study was reviewed retrospectively between April 2014 to April 2018. 
PECARN network of mostly university-based teaching hospitals.  
•Inclusion criteria- 60 days or younger, rectal temperature > 38˚ C and non-ill appearing.  
•Exclusion criteria- Infants whom appeared critically ill, received antibiotics in the past 48 hours, history of 
prematurity (less than or equal to 36 weeks gestation), pre-existing medical conditions, indwelling devices or 
sort tissue infections.   
•Outcome measures- SBI was defined as cystitis, bacteremia, or bacterial meningitis, where bacteremia and 
bacterial meningitis was defined as the growth of a single bacterial pathogen in blood or CSF, respectively.  
 UTI was defined as growth of a single urine pathogen 

1. At least 1,000 cfu/mL for cultures obtained by suprapubic aspiration 
2. At least 50,000 cfu/mL from catheterized specimens  
3. 10,000 to 50,000 cfu/mL for catheterized specimens with associated abnormal urinalysis 

defined as leukocyte esterase, nitrite or > 5 WBC (or pyuria).   
•1821 infants had complete assessments for SBI  
 908 and 913 randomly allocated to the derivation or validation sets, respectively.  
 SBI were diagnosed in 170 infants (9.3%) 
  UTI 151 (8.3%), bacteremia 26 (1.4%), bacterial meningitis 10 (0.5%), concurrent infections 16 
(0.9%) 
 Four infants had HSV encephalitis, three of them younger than 28 days  
•The Recursive Partitioning Analysis retained three variables: UA, ANC (4000/uL), PCT (0.5 ng/mL) which 
together were highly sensitive. 

 
•One patient in the derivation set and two patients in the validation set were misclassified.  

 



GUIDE COMMENTS 

1.  Is this a newly derived prediction rule?  (Level IV) 

1a. Was validation restricted to the 
retrospective use of statistical techniques on 
the original  
database?  (If so, this is a Level IV rule & is 
not ready for clinical application). 

Yes. This was a prospective observational study conducted on 
a convenience sample of ED patients from March 2011 to 
May 2013 of previously healthy infants 60 days or younger 
whom were being evaluated for SBI. The data however, was 
analyzed retrospectively on both the derivation and validation 
cohorts between the time frame of April 2014 
to April 2018. This patient database was also part of another 
“parent”  PECARN biosignature study (refs. 20 & 39). 
 

2.  Has the rule been validated?  (Level II 
or III)  

2a.  Were all-important predictors  included 
in the derivation process? 
 

Uncertain. The study included the following as predictors: age 
group (≤28 days vs >28 days), qualifying temperature, 
duration of fever, YOS (Yale Observational Scale) score, 
unstructured clinician suspicion, urinalysis, WBC count, 
absolute neutrophil count (ANC), and serum procalcitonin 
(PCT) level.  
 
Other important predictors include could have included 
inflammatory markers other than procalcitonin which would 
include CRP and ESR as well as bandemia which may 
indicate infection in the acute setting. Authors state that PCT 
has demonstrated superior accuracy over CRP as reason for 
excluding.  
Other causes of serious viral (non-bacterial) infections in this 
age group, which could include a respiratory viral panel (RSV, 
enterovirus, influenza) and viral CSF panel/cultures for HSV.  
Age group based on gestational age taking into account pre-
mature infants were excluded.  

2b. Were all important predictors present in 
significant proportion of the study 
population?  

Uncertain. The authors stated (Fig. 1) that of 3230 eligible 
patients, only 1,896 (58.6%) had PCT’s drawn which could 
lead to sampling or verification bias. Since those without PCT 
represented over 40% of the population would recursive 
partitioning on the larger population have identified other 
predictors in all eligible patients?   
96% had PCT's 
99.2% had CBC's 
97.5% had UA's 
 

2c. Does the rule make clinical sense? 
 

Yes, it does make clinical sense in a narrow patient 
population.. Unlike the "step by step" clinical prediction rule 
which involves a more subjective component (the pediatric 
assessment triangle), this clinical decision rule only includes 
objective predictors such as pro-calcitonin, ANC and UA in a 
non-toxic appearing child.  
 

3. Did validation include prospective studies 
on several different populations from that 
used to derive it (II) or was it restricted to a 
single population (III)?  

No. It was restricted to a single population as both the 
derivation and validation were randomized from the 
same cohort.  
 



4. How well did the validation study  
meet the following criteria 

 

4a. Did the patients represent a wide 
spectrum of severity of disease?  
 
 

No. The prediction rule did assess for SBI in patients defined 
as cystitis, bacteremia, bacterial meningitis or 
any combination thereof but patients were excluded if  
“critically-ill” appearing, were born <36 wks., had 
pre=existing” medical conditions or “soft tissue infections”.  
This limits the spectrum of severity of disease in the study 
population.  
 

4b. Was there a blinded assessment of the 
gold standard? 
 
 

No, there was not a blind assessment of a gold standard as 
compared to the prediction rule. No real “gold standard” 
exists. All clinical care was at the discretion of the treating 
clinician whom did not have all of the available results such as 
the PCT.  

4c. Was there an explicit and accurate 
interpretation of the predictor variables & the 
actual rule without knowledge of the 
outcome?  
 
 

No, there was no mention of whether people evaluating the 
outcome variables were blinded.   
 
Unclear to what extent clinicians were unaware of the results 
of all of the predictor variables though there is some mention 
of PCT results not being broadly available. Clinicians were 
unaware of the prediction rule at the time of patient care.  

4d. Did the results of the assessment of 
the variables or of the rule influence the 
decision to perform the gold standard? 
 
 
 

No gold standard. Their validation study, as described 
did not include application of the rule but was based 
on routine assessment tools such as YOS score and 
“clinical intuition” for SBI.    

4e. How powerful is the rule (in terms 
of sensitivity & specificity; likelihood 
ratios; proportions with alternative 
outcomes; or relative risks or absolute 
outcome rates)? 

The clinical prediction rule is sensitive for identifying 
low risk SBI with a sensitivity of 97.1% (91.3-99.6%) 
in the validation set with a negative predictive value of 
99.6% (98.4-99.9%) and negative likelihood ratio of 
0.04 (.01-0.15). 
 
Although the prediction rule has a high sensitivity its 
CI is wide, with the low range of 91.3%, which in a 
high-risk pathology such as infantile SBI, is too low to 
be reliable when used over time on many infants.   
 
The specificity, positive predictive values and positive 
likelihood ratio is poor at 60%, 20.7% 
an2.4respectively.  



5.  Has an impact analysis demonstrated  
change in clinical behavior as a result of using the rule? (Level I).  
If so consider the following: 
 

1. How well did the study guard against bias in 
terms of differences at the start (concealed 
randomization, adjustment in analysis) or as 
the study proceeded (blinding, co-intervention, 
loss to follow-up)? 
 
 

At the time of study, the clinicians were not 
aware of PCT results, which does minimize 
bias on the management.  
However, the article does state that subjects 
were “randomly divided into derivation and 
validation sets” however later states that 
“random sampling was constrained to provide 
balanced representation of bacteremia, 
bacterial meningitis and UTIs between 
derivation and validation sets” indicating that 
concealed randomization and blinding did not 
occur.  
There was no reported loss to follow up on 
those 1821 infants that had complete 
assessments for SBI.  

2. What was the impact on clinician behavior 
and patient-important outcomes? 
 
 
 

There was no impact on clinical behavior or 
patient-important outcomes at the time of the 
study during its derivation and validation. With 
broader external validation, the prediction rule 
does have potential for positive impact on 
clinical behavior in the future. It is easy to use, 
only requiring three data points and could 
mitigate the subjective aspect of the pediatric 
assessment triangle highly incorporated into 
prior prediction rules.  
This predication rule only relies on three 
variables and does not include CSF, which 
could save in many unnecessary procedures 
resulting in decreased patient complications, 
costs and healthcare resources.  
The patient-important outcomes would be the 
use of a less invasive screening method for SBI 
that maintains high sensitivity but would not 
obligate the provider to perform invasive CSF 
testing via an LP thereby mitigating 
psychological stress to the family, 
complications from the procedure as well as 
costs. If this rule were externally validated on a 
large scale it would prevent many unnecessary 
LP’s as 1,383 patients (76% of the cohort) had 
LP’s in this study! 

 
 
Limitations:  

1. Although this prediction rule does remove much of the subjective bias from prior 
prediction rules such as that contained in the “step by step” with the use of the pediatric 
assessment triangle (appearance, work of breathing, circulation) there still is some 



subjective bias as only “non-toxic” patients were included in this study which may lead to 
some (albeit likely mild) variation in interpretation among clinicians.    

2. Patients were enrolled based on the convenience research coordinator availability.  
3. Biomarkers other than PCT were not studied (e.g. ESR, CRP, bandemia, etc.) 
4. 41% of eligible patients were not enrolled because PCT was not ordered. Compliance 

with this rule means PCT has to be ordered which may mean additional unnecessary 
testing. Over 40% of eligible patients never underwent PCT.  

5. There was no viral testing performed as part of the prediction rule which does not 
account for other life threatening non-bacterial (viruses) in this age group such as 
influenza, RSV, Enterovirus or HSV.   

6. CSF testing was not performed on all patients. Only 76% had CSF cultures, however 
follow up information was collected via telephone, hospital observation or EMR review. 
Of note, no patients were reported to have meningitis that did not have CSF obtained.  

7. The lower end of the sensitivity for SBI in the validation set is 91.3% which indicates 
there would possibly be a substantial amount of false negatives based on this rule if used 
on many SBI rule outs over the course of a career in emergency medicine.  

8. Due to the low prevalence of SBI, specifically those with bacteremia (1.4%) and bacterial 
meningitis (0.5%) in this study, it should be validated externally with a much larger 
cohort in order to obtain a more accurate assessment of this clinical prediction rule.   

 
 
Clinical Bottom Line:  
 “This study does show some evidence that objective predictors such as a negative PCT, ANC 
and UA could be used alone to risk stratify less than 60 day old febrile, nontoxic appearing 
infants, born at term and without comorbidities or soft-tissue infections. as low risk for SBI. 
Further large cohort studies should be conducted to externally validate this study prior to its 
implementation into the standard of care.” 


