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ABSTRACT
Objective: We aimed to evaluate the major approach protocols of fever in febrile newborn and to define the incidence of serious bacterial infections 
(SBI) in febrile newborns.

Methods: This study was designed as a prospective observational cohort study and directed between January 2011 and December 2015. All newborns 
with a rectal temperature of ≥38 °C and admitted to the neonatal intensive care unit were eligible for participation in the study. Infants were evaluated 
and classified as low-risk using the Boston criteria, the Philadelphia criteria, and the Rochester criteria, and our newly developed İstanbul criteria. The 
protocol results were compared regarding calculations of sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV), and 
likelihood ratio (LR).

Results: During the study period, 328 infants were enrolled and the frequency of SBI was found as 38.4%. The leading etiology was fever of unknown 
origin with 43.6%, followed by urinary tract infection, dehydration, and bacteremia, accounting for 15.5%, 14%, and 5.8%, respectively. The highest 
sensitivity and NPV and the lowest negative LR were noted with the İstanbul protocol. The highest PPV was found in the Philadelphia and Boston 
protocols.

Conclusion: The low-risk criteria of febrile infant protocols are not sufficiently reliable to exclude the presence of SBI in febrile neonates. The low-risk 
criteria in our new protocol were detected to be more reliable and may be useful in excluding SBI in the neonatal period.
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INTRODUCTION
Febrile neonates are at higher risk of serious bacterial infections 
(SBI). They often need to undergo extensive laboratory 
investigations and to be hospitalized because if a SBI in a neonate 
is not diagnosed and treated promptly, it may lead to undesirable 
consequences. However, the origin of fever in some cases is not 
infection or other serious diseases, and routine hospitalization or 

antibiotic treatment are not essential in all neonates. Additionally, 
iatrogenic complications and emotional stress in parents may 
increase due to the hospitalization of the infants (1). The widely 
accepted approach is to determine babies at high risk for SBI and 
hospitalization, who need intravenous antibiotic treatment, and 
babies at low risk for SBI, who require treatment on an outpatient 
basis with or without antibiotics (2-4).

Different approaches for the determination of low-risk neonates 
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for SBI have been compared (5,6). There are three studies 
addressing the efficacy and safety of outpatient management 
of febrile infants who are considered to be at low risk for SBI 
(3,6,7). The Philadelphia, Boston, and Rochester protocols can be 
used for infants aged less than 90 days and with fever, but they 
are not suitable during the neonatal period (6,8). The universally 
acknowledged approach is to use the Rochester criteria, which 
assess clinical and laboratory evidence to identify low-risk and 
high-risk groups (8). Even though the negative predictive value 
(NPV) of these criteria for SBI is as high as 95-100%, the protocol is 
not adopted generally for outpatient follow-up of a newborn with 
fever (1). It is suggested that low-risk criteria are not satisfactory 
in excluding the presence of SBI in febrile neonates and all febrile 
neonates aged ≤28 days should be hospitalized and undergo a 
complete sepsis evaluation, and empirical intravenous antibiotic 
therapy should be given (9).

We developed a new protocol for febrile neonates, which 
differs from other protocols for febrile infants. First, our protocol 
included only febrile newborn babies (gestational age ≥35 weeks 
and within 28 days of life). Secondly, we added C-reactive protein 
(CRP) levels in the laboratory examination. Lastly, we defined 
dehydration in febrile newborn. The aims of our study were to 
evaluate the usefulness of our new protocol and to compare it 
with major protocols used for evaluating febrile infants.

METHODS 
This study was designed as a prospective observational cohort 
study, directed from January 2011 to December 2015 (5 years) at 
a tertiary care university-affiliated education and research hospital 
in İstanbul. The study protocol was approved by: Şişli Etfal Training 
and Research Hospital Ethic Committee (approval number: 745-
2011). Written informed consent was obtained from the parents. 
This is a prospective observational cohort study registered at the 
NIH ClinicalTrials.gov (http://www.clinicaltrials.gov), with number 
NCT03183531. 

The study consisted of two steps. The first step included the 
evaluation of the clinical and laboratory characteristics of febrile 
neonates and described the etiology and causative organisms in 
febrile neonates, which was published (10). The second step was 
formed by the data obtained in the first step. We have developed 
a new protocol that can be applied to febrile newborn babies. 
In the literature, protocols that evaluate febrile babies include 
infants in the first 90 days of life, there is not any protocol including 
only newborn babies. The aim of the second step (present study) 
was to evaluate the usefulness of our new protocol and major 
protocols of febrile infants in the assessment of only newborns 
with fever.

Study Population
All neonates (aged 1 to 28 days) who were admitted to our 
neonatal clinic with a rectal temperature ≥38 °C (documented at 
medical evaluation) were eligible for the study. Gestational age 
<35 weeks, refusal for participation by parents, chromosome 
anomaly, the presence of a chronic illness, congenital anomaly 

(e.g., anencephaly, truncus arteriosus), admission to pediatric 
surgery, antibiotic use before hospitalization, and insufficient 
records were accepted as exclusion criteria.

Patients Data
The following data were collected from all babies included 
in the study: The demographic features (birth weight, age 
and gender), general evaluation (appearing good and ill), 
medical history, physical examination signs, laboratory analysis 
results, and exact diagnosis. All patients underwent laboratory 
examinations containing: blood count, CRP, serum chemistry 
and blood culture, urine analysis and urine culture (obtained by 
bladder catheterization). Lumbar puncture and cerebrospinal 
fluid assessment were performed in the presence of neurological 
signs. If there was evidence of respiratory tract infection, X-Ray 
was performed.

Definition of Serious Bacterial Infections
The SBI acceptance criteria were as follows: Firstly, the growth of 
a known pathogenic bacteria in cultures [bacteremia, meningitis, 
pneumonia and urinary tract infection (UTI)] and secondly any 
disease that is often associated with bacterial pathogens such as 
abscess, mastitis, omphalitis, acute otitis media and cellulitis. The 
diagnosis of pneumonia was made according to the lung X-Ray 
findings presented by the radiologist.

All samples were assessed using standard microbiological 
methods to culture. The sample was not processed for viral 
cultures. If the organism is known to cause disease in neonate, 
blood culture isolates are accepted to be pathogenic. The isolation 
of a single pathogen by catheterization with >104 colony-forming 
units/mL in urine was considered UTI. Leukocyte ≥10 cells/mm3 in 
uncentrifuged urine or with the dipstick stripe a positive result for 
nitrite or leucocyte esterase was defined as positive urine analysis.

Viral agent evaluation methods: Newborn with respiratory signs 
such as runny nose, sneezing or coughing were assessed from 
nasopharyngeal secretions by influenza-Ag (immunoassay test 
produced by Dalian Rongbang Medical Healthy Devices, Spain) and 
respiratory syncytial virus antigen: Rapid immunochromatographic 
test produced by Prima lab SA, Switzerland).

Definition of dehydration: All neonates were weighed at 
admission and weight loss was assessed according to the birth 
weight. Dehydration is defined as the weight loss more than 
twelve percent with a serum sodium level ≥145 mEq/L.

Our newly proposed protocol (İstanbul) includes: (1) 
Unremarkable medical history (no perinatal antibiotic use, no 
chronic disease, no hospitalization longer than the mother); (2) 
good appearance (unremarkable physical examination); (3) no 
focal physical signs of infection; (4) CRP level <1 mg/dL; (5) white 
blood cell count 5000-15.000/mm3 and immature/total neutrophil 
ratio (I/T) <0.2; and (6) normal urine analysis.

Infants who met these criteria were considered to be at low risk 
for SBI. All infants were classified as low risk using the criteria 
of the Rochester, Boston, Philadelphia and İstanbul protocols. 
The criteria of the four protocols are presented in Table 1. Our 
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newly created protocol is different because of its inclusion of only 
febrile newborns, the addition of CRP levels in the laboratory 
examination, and with defined dehydration in febrile newborn 
features (Table 1).

Statistical Analysis
Statistical analysis was performed with SPSS version 16.0 (SPSS, 
Chicago, IL, USA). Categorical variables are given in percentages 
with mean ± standard deviation. The positive predictive value 
(PPV), NPV, and likelihood ratio (LR) for SBI of the low-risk criteria 
were calculated using the standard statistical formula. All patients 
were evaluated according to the Boston, Philadelphia, Rochester, 
and İstanbul protocols, and the results were compared for 
sensitivity, specificity, NPV, PPV, and accuracy values for predicting 
SBI. Statistical significance was accepted as p<0.05.

RESULTS
In the study period, 412 febrile newborns aged ≤28 days, who 
were hospitalized due to fever, were evaluated. The flow diagram 
of study is presented in Figure 1. A total of 328 infants fulfilled 
the inclusion criteria of the study. Of 328 infants in the study, 184 
(56.1%) were boys. The mean birth weight was 3214±492 gram, 
gestational age was 39.2±1.4 weeks, mean rectal temperature was 

38.3±0.4 °C (lower and upper limit: 38-40 °C), and the mean age 
during admission to the hospital was 12.5±8.0 days (lower and 
upper limit 1-28 days). The ratio of SBI was found to be 38.4% 
during the study period.

Febrile illness with no detectable cause was the most common 
diagnosis which accounted for 43.6% of all cases. UTI (15.5%), 
dehydration (14%), bacteremia (5.8%) pneumonia (5.5%), viral 
respiratory tract infection (4.0%), and meningitis (3.7%) were the 
next most common diagnoses.

The comparison of sensitivity, specificity, PPV, NPV, and LR for the 
four protocols is presented in Table 2. The highest sensitivity and 
NPV and the lowest LR (-) were observed in İstanbul protocol, 
whereas high specificity and the highest LR (+) were detected 
in the Boston protocol. The highest PPV was found in the 
Philadelphia and Boston protocols (Table 2).

DISCUSSION  
In current protocols for the evaluation of fever in infants aged 
≤3 months, if no risk of severe bacterial infection is determined, 
infants can be observed without admission with close examination 
and monitoring. However, this approach is widely deemed as 
unacceptable in the neonatal period. The main purpose of our 
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Table 1. Evaluation criteria and differences of Boston, Philadelphia, Rochester and İstanbul protocols

Boston(6) Philadelphia(11) Rochester(8) İstanbul 

Study design Prospective Prospective Prospective Prospective

Study period
3 years 
(1987-1990)

5 years 
(1987-1992)

8 years 
(1984-1992)

5 years  
(2011-2015)

Patient group 28-89 days 29-60 days ≤60 days ≤28 days 

Criteria

Temperature, rectal, °C ≥38.0 ≥38.2 ≥38.0 ≥38.0

History

No immunization within 
last 48 hours,
No antimicrobial given 
within 48 hours

Not defined

No perinatal antibiotics,
No underlying disease,
Not hospitalized longer 
than the mother

No perinatal antibiotics,
No underlying disease,
Not hospitalized longer 
than the mother

Well appearance with unremarkable 
physical examination and absence of 
any local infection

+ + + +

Gestational age − − ≥37 weeks ≥35 weeks 

Healthy before + Not defined + +

Absence of dehydration + Not defined Not defined +

Leucocyte count, cells/mm3 <20.000 <15.000  5.000-15.000 5.000-15.000

Band/neutrophil ratio (I/T)  Not defined <0.2 ABC ≤1.500        <0.2

Urine analysis, WBC/hpf <10 <10  ≤10 <10

CSF, leucocyte, cells/mm3 <10 <8 Not defined <10

Chest radiography
No infiltration (if 
obtained)

No infiltration
No focal infiltration (if 
clinically indicated)

No infiltration (if 
clinically indicated)

Stool examination Not defined
No blood or 
leucocyte
(if indicated)

≤5 leucocyte (if 
indicated)

<5 leucocyte (if 
indicated)

CRP -- -- -- <1 mg/dL

ABC: Absolute band form, WBC: white blood cells, CSF: cerebrospinal fluid, CRP: C-reactive protein
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study was to investigate whether these protocols were suitable for 
monitoring febrile newborn infants.

The management of febrile illnesses in babies aged <90 days 
vary considerably among physicians. The reason for this variation 
is associated with the wide range of management protocols 
suggested during the last few decades (6-8,11). The current 
suggestions for the assessment and management of young febrile 
infants are based on studies conducted in the late 1980s and early 
1990s (12). The globally accepted approach is to determine infants 
at high risk for SBI and in need of hospitalization for intravenous 
antibiotic treatment, and also to determine infants at low risk, who 
can safely go through outpatient care with or without antibiotics 
therapy (4). Three main studies reported the efficacy and safety of 
outpatient management of febrile infants considered at low risk 
for SBI (6,8,11). The rate of newborn infants in these three studies 
was 10-15% of all infants, which is very low. In a comprehensive 
review on SBI identification in infants younger than 90 days, it 
was stated that the Boston and Philadelphia protocols were more 
accurate when applied to older infants rather than neonates. The 

Rochester protocol, on the other hand, was more accurate for 
neonates than older infants (12).

The management and treatment of newborns with fever vary 
widely among centers (13). These differences indicate the need 
of national or international guidelines for the evaluation of fever 
in neonatal period. Accordingly, given that the prevalence of SBI 
is higher in neonatal period, generally accepted practice in most 
centers is a full sepsis evaluation and hospitalization (14).

The prevalence of SBI in infants less than 3 months with fever 
is about 7.1-19.7%. The prevalence of SBI is higher in neonatal 
period (9-28%) than in infants aged 2-3 months (7.1%) (15-21). Garcia 
et al. (17) reported SBI prevalence as 31.9%, 33.3%, and 18.3% in 
infants aged 7-14 days, 15-21 days, and >21 days, respectively. In 
our study the incidence of SBI was high and our findings supported 
that SBI was seen more frequently in the newborn babies.

Several protocols that bring clinical and laboratory criteria 
together to diagnose young infants (<90 days of life) at low risk 
for SBI, who can be safely managed as outpatients, have been 
published. The use of these protocols are advised for different age 
groups of infants (Philadelphia: 29-60 days; Rochester: 60 days or 
younger; Boston: 28-89 days) (6,8,11). Our protocol was designed 
to be used only in newborn (0-28 days) babies. The main aim of 
our study was to evaluate febrile newborns in their first month 
of life according to these protocols. When evaluated separately, 
the neonates did not show similar test characteristics with older 
children or the whole group aged <3 months. The combined 
laboratory and clinical parameters demonstrated lower sensitivity 
in neonates as compared to older groups. Likewise, the false-
positive rate for SBI tended to be higher in neonates compared 
to older infants (12). The comparison of different diagnostic tests 
across the age groups (≤28 days vs >29 days) was possible only for 
a few selected criteria reported in 14 studies. The Boston criteria 
and Philadelphia protocol have shown higher sensitivity, lower 
specificity, smaller PPV, and similar NPV when applied to older 
infants (age >28 days) compared to newborn babies for overall 
SBI or bacteremia. Contrarily, the Rochester criteria were more 
accurate (higher sensitivity, specificity, and PPV) in neonates than 
in older infants for SBI or bacteremia. The false positive ratio for 
SBI (i.e., the percentage of infants with SBI classified as low risk) 
tended to be higher for neonates (1.0% to 6.25%) versus older 
infants (0% to 5.4%) (12).
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Figure 1. Flow diagram of the study
SBI: Serious bacterial infections

Table 2. The effectiveness of the protocols in identifying serious bacterial infections in febrile neonates

Protocols
Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Accuracy
(95% CI)

LR (+) LR (−)

Boston
61.6%
(54-68.7)

81.7%
(75.1-86.9)

77.1%
(69.2-83.5)

68%
(61.2-74.1)

71.7%
(66.5-76.3)

3.37 0.47

Rochester
47.6%
(40.1-55.2)

72%
(64.6-78.3)

62.9%
(54.1-70.9)

57.8%
(51-64.4)

59.8%
(54.4-64.9)

1.70 0.73

Philadelphia
67.7%
(60.2-74.4)

79.9%
(73.1-85.3)

77.1%
(69.6-83.2)

71.2%
(64.3-77.3)

73.8%
(68.8-78.2)

3.36 0.41

İstanbul
81.7%
(75.1-86.9)

56.1%
(48.4-63.5)

65%
(58.3-71.2)

75.4%
(67.1-82.2)

68.9%
(63.7-73.7)

1.87 0.33

CI: Confidence interval, PPV: positive predictive value, NPV: negative predictive value, LR: likelihood ratio
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Study Limitations
This study has some limitations. The study included only febrile 
neonates but many more neonates presented with or developed 
SBI without fever. Neonates with non-febrile sepsis were not 
included in the study. Further studies with larger patient series are 
needed to validate our new protocol.

CONCLUSION
In this prospective observational study, we performed a comparison 
of the results of four protocols (Rochester, Philadelphia, Boston 
and İstanbul) in 328 febrile neonates. Our study demonstrated 
that the incidence of SBI in febrile newborns was encountered 
with higher rates. The most common etiology was UTI in neonates 
with SBI. The low-risk criteria of the Rochester, Philadelphia, 
and Boston protocols are not sufficiently reliable to exclude the 
presence of SBI in febrile neonates. In our study, with the inclusion 
of CRP, NPV was found at the highest level. The low-risk criteria 
in our newly created protocol were detected as more reliable and 
may be useful for excluding SBI in the neonatal period.
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