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Retrospective validation of the Step-by-Step approach
for febrile infants younger than 90 days in
the emergency department

Jae Sang Park, Jung Heon Kim, Won Young Kim

Department of Emergency Medicine, University of Ulsan College of Medicine, Seoul, Korea

Purpose: To retrospectively validate the Step-by-Step approach, a sequential algorithm for prediction of serious bacterial
infections (SBI) using the appearance, age, and inflammatory markers, in febrile infants younger than 90 days.

Methods: The presence of SBI was reviewed in febrile infants younger than 90 days undergoing blood and urine cultures
(using perineal adhesive bags), assays for procalcitonin, C-reactive protein and absolute neutrophil count, and urinalysis at the
emergency department from September 2015 through August 2017. The low-risk infants were classified according to the
Step-by-Step approach. SBI was defined as urinary tract infection (UTI), bacteremia or meningitis. We measured the
sensitivity and negative predictive value (NPV) of the approach in predicting SBI, and compared the values to those of the
Rochester criteria and the Lab-score.

Results: Of 488 febrile infants (44.7% underwent lumbar puncture), 71 (14.5%) had SBI, including 67 UTI, 5 bacteremia, and
3 meningitis (mutually inclusive). Of 208 low-risk infants (42.6%), no SBI was found. The Step-by-Step approach showed a
100% sensitivity (95% confidence interval [Cl]: 94.9-100.0) and NPV (95% ClI: not applicable). The Rochester criteria showed
a 98.6% sensitivity (95% Cl: 92.4-100.0) and 99.6% NPV (95% CI: 97.1-99.9), and missed 1 meningitis. The Lab-score
showed a 59.2% sensitivity (95% ClI: 46.8-70.7) and 93.2% NPV (95% Cl: 91.2-94.8), and missed 2 meningitis and 27 UTI.

Conclusion: The Step-by-Step approach showed a 100% sensitivity and NPV in predicting SBI. This approach may help
predict SBI without lumbar puncture in febrile infants younger than 90 days.
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Fig. 1. The Step-by-Step approach. Reproduced from Gomez et
al. Pediatrics 2016;138:€20154381, with permission of American
Academy of Pediatrics”. PCT: procalcitonin, CRP: C-reactive
protein, ANC: absolute neutrophil count.
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Febrile infants aged < 90 days

visiting the emergency department
from Sep. 2015 through Aug. 2017 (N = 670)

Infants excluded (n = 182)

Infants undergoing
minimum work-up*
(N =488, 72.8%)

- Incomplete study (n=123) T

- Transfer to outside hospitals (n = 25) *
- Vaccine-associated fever (n = 22)

- Clinically viral illness (n = 10)

- Others (n=2)¢

v

¥

With SBI
(N=71, 14.5%)

Without SBI
(N = 417, 85.5%)

(1B, N =7, 1.4%)

Fig. 2. Flowchart for the selection of infants.

* Blood and urine cultures (using perineal adhesive bags), assays for procalcitonin, C-reactive protein, and absolute neutrophil count,

and urinalysis.
t Mostly, procalcitonin was omitted.

" Without work-up due to the limited capacity of the study setting.

' One infant was sent directly to the intensive care unit, and the other’s guardians refused work-up.

SBI: serious bacterial infection, IBI: invasive bacterial infection.

Table 1. Rate of serious bacterial infection in the study population

(N =488)

Variable No. (%) 95% CI

SBI* 71 (14.5) 11.5-18.0

IBI 7(1.4) 0.6-2.9
Bacteremia 5(1.0) 0.3-24
Meningitis 3(0.6) 0.1-1.8

UTI 67 (13.7) 10.8-17.1

Possible UTI* 23 (4.7) 3.0-7.0

Viral co-infection 124 (25.4) 21.6-29.5

* No other SBI, such as osteomyelitis, and contamination
were found.

" Four infants had 2 or more SBIs; 2 Escherichia coli bacteremic
UTI, 1 GBS bacteremic meningitis, and 1 GBS bacteremia
associated with Klebsiella pneumoniae UTI.

* Single bacterium from the urine without pyuria.

CI: confidence interval, SBI: serious bacterial infection, IBI:
invasive bacterial infection, UTI: urinary tract infection, GBS:
group B streptococcus.
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Table 2. Predictive values of the 3 low-risk criteria

Criteria Sensitivity Specificity PPV NPV Positive LR Negative LR
Step-by-Step

SBI 100 (94.9-100.0) 499 (45.0-54.8) 254 (23.6-27.2) 100 (NA) 20(1.8-2.2) 0 (NA)

IBI 100 (59.0-100.0)  43.2 (38.8-47.8) 25(23-27) 100 (NA) 1.8 (1.6-1.9) 0 (NA)
Rochester

SBI 98.6 (92.4-100.0) 55.6(50.7-60.5)  27.5(25.3-29.7) 99.6(97.1-999)  22(2.0-2.5) 0.03 (0.004-0.2)

IBI 85.7(42.1-99.6)  38.5(34.1-43.0) 20(1.5-2.7) 99.5(96.8-99.9) 1.4(1.0-1.9) 04 (0.1-2.3)
Lab-score

SBI 592 (46.8-70.7)  95.0(924-969) 66.7(55.8-76.0) 93.2(91.2-948) 11.7(7.4-18.6) 0.4 (0.3-0.6)

IBI 714 (29.0-96.3)  87.9 (84.7-90.7) 79@48-12.7)  99.6(98.5-99.9) 59(3.5-10.0) 0.3 (0.1-1.0)

Values are expressed as point estimate and 95% confidence interval.
PPV: positive predictive value, NPV: negative predictive value, LR: likelihood ratio, SBI: serious bacterial infection, IBI: invasive
bacterial infection.

Table 3. Misclassified serious bacterial infection among low-risk infants according to the 3 low-risk criteria

Criteria Low-risk infants Misclassified SBI Possible Viral After-discharge ICU In-hospital
No. (%) 95% CI  Total IBI UTI  UTI*  co-infection hospitalization' mortality
Step-by-Step 208 (42.6)  38.2-47.2 0 0 0 10 35 6 0 0
Rochester 186 (38.1)  33.8-42.6 1 1t 0 9 43 5 0 0
Lab-score 425 (87.1) 838-899 29 2¢ 27 21 113 10 3 1

* Single bacterium from the urine without pyuria.

" Return visit and hospitalization within 1 week.

* Streptococcus bovis meningitis.

S Escherichia coli and S. bovis meningitis, respectively.
CI: confidence interval, SBI: serious bacterial infection, IBI: invasive bacterial infection, UTI: urinary tract infection, ICU: intensive
care unit.

Table 4. Microbiology and outcome of infants with invasive bacterial infection

. Outcome .
Infant Duration of Risk " Blood CSF In-hospital UTI .Vlralv
(age, d/sex)* fever (h) culture culture LOS (d) ICU . co-infection
mortality

A (40/M) 24 High GBS GBS 22 None None None None

B (30/M) 10 High None S. bovis* 14 None None None None

C (13/M) 5 High None E. coli 23 None None None None

D (26/M) 2 High GBS None 11 None None None Rhinovirus
E (56/F) 5 High GBS None 11 None None K. pneumoniae None

F (52/M) 6 High E. coli None 14 None None E. coli None

G (76/M) 8 High E. coli None 12 None None E. coli None

* All infants had a procalcitonin concentration > 0.5 ng/mL (i.e., high-risk according to the Step-by-Step approach), and underwent
hospitalization.

" According to the Step-by-Step approach.

 Missed by the Rochester criteria and the Lab-score.

¥ Missed by the Lab-score.
CSF: cerebrospinal fluid, LOS: length of hospital stay, ICU: intensive care unit, UTI: urinary tract infection, GBS: group B streptococcus.
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Appendix 1. The Rochester criteria*

Appendix 2. The Lab-score

Criterion Predictor Point*
Temp (° C) > 38 Procalcitonin (ng/mL)
Age (d) < 60 <05 0
Past medical history Gestational age > 37 wk >05 2
No peri- or post-natal antibiotics >2 4
No treatment for jaundice C-reactive protein (mg/dL)
No chronic illnesses or admissions <40 0
Not hospitalized longer than mother 4.0-99 2
Physical examination =~ Well-appearing > 100 4
Unremarkable examination Urine dipstick
Laboratory values Negative 0
Blood count (/mm?) WBC 5,000-15,000 Positive ' 1

Urinalysis
Stool

Absolute band count < 1,500
WBC < 10/high-power field
WBC < 5/high-power field

Reproduced from Lacour et al. Pediatr Infect Dis J 2008;27:

654-6, with permission of Lippincott Williams & Wilkins'?.

* Score of < 3 refers to low-risk group.

Reproduced from Jaskiewicz et al. Pediatrics 1994;94:390-6,

with permission of American Academy of Pediatrics®.
* Only a child fulfilling all the criteria is considered as low-
risk for serious bacterial infection.

WBC: white blood cell.

Appendix 3. Microbiology and outcome of low-risk infants with possible urinary tract infection*

" Positive results of leukocyte esterase and/or nitrite test.

Infant Urine culture Disposition Viral co-infection Final diagnosis
(age, d/sex)

A (42/M) Klebsiella pneumoniae’ Discharge None UTI

B (66/F)* Enterococcus faecalis Discharge None Unknown

C (86/M)* K. oxytoca Discharge None Unknown

D (69/M) K. pneumoniae Hospitalization Rhinovirus Contamination
E (54/M) Enterobacter aerogens Discharge Enterovirus’ Contamination
F (87/M) Escherichia coli Discharge HMPV Contamination
G (53/M) E.coli Discharge None Contamination
H (41/M) E. faecalis Discharge None Contamination
1(53/M) E. faecalis Discharge None Contamination
J(87/M) K. pneumoniae Discharge None Contamination

* Single bacterium from the urine without pyuria.
" Given the same bacterium found in a follow-up urine culture, he was presumed to have UTI.
" Given the loss to follow-up, these 2 infants were presumed to have UTI.

¥ Aseptic meningitis.

UTT: urinary tract infection, HMPV: human metapneumovirus.
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