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Abstract
Introduction   Early onset sepsis is difficult to diagnose due to nonspecific symptoms and a lack of 
reliable tests. It can progress quickly, and lead to neurodevelopmental consequences or be fatal if not 
treated. However, approximately 10-fold more newborns are treated with antibiotics empirically and often 
unnecessarily. This study aimed to compare the management recommendations of the Neonatal Early 
Onset Sepsis Calculator with those of the Centers for Disease Control/American Academy of Pediatrics 
guidelines.
Methods Neonatal Early Onset Sepsis Calculator was applied to the data set to examine how an alternative 
model would perform compared to current guidelines published by the CDC and compared to current 
practice within the institution. Chi square and kappa value agreement was used to determine the difference 
between treatment recommendations of NEOS calculator and AAP guideline.
Results Of the 330 patients who received therapy, only 14.2% were recommended empiric antibiotics by 
the EOS calculator, compared to the 39% recommended by the CDC guidelines (p < 0.001, К = 0.372). 
Eleven patients were identified to have culture-positive sepsis.
Conclusion  The number of infants suspected with EOS and subsequently require antibiotic use at birth 
may be dramatically reduced with the use of the neonatal EOS calculator.
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The most frequent cause of  mortality in neonates 
is infection; this includes sepsis, meningitis, 

pneumonia, diarrhea and tetanus.1 In 2015, among 
the 5.941 million deaths in children under 5 years, 
45% died during the neonatal period.2 Neonates are a 
vulnerable population due to their immature immune 
system. Other factors such as prematurity, low birth 
weight, respiratory problems, maternal infection and 
delivery room manipulations further place neonates at 
risk for developing sepsis. The reported incidence of  
neonatal sepsis varies from 7.11 to 38.17 per 1000 live 
births in Asia, from 6.52 to 23.15 per 1000 live births 
in Africa, and from 3.59 to 8.91 per 1000 live births 
in South America and the Caribbean. By comparison, 
rates reported in the United States and Australasia 
range from 1.5 to 3.5 per 1000 for early onset sepsis 
(EOS) and up to 6 per 1000 live births for late onset 
sepsis (LOS), a total of  6 to 9 per 1000 for neonatal 
sepsis.1 According to 2012 Philippine Health Statistics, 
bacterial sepsis of  the newborn is one of  the leading 
causes of  infant mortality, with the incidence being 
3.16 per 1000 live births.3

 The clinical signs of  sepsis in neonates are often 
nonspecific. Detection of  EOS requires clinicians to 
maintain a high index of  suspicion. Familiarity with 
epidemiologic risk factors is crucial to determine the 
threshold index of  suspicion. For early onset infection, 
any perinatal risk factor that may be present should be 
considered, including maternal Group B Streptococcus 
(GBS) disease status, chorioamnionitis, prolonged 
rupture of  membranes, and gestational age. For late 
onset infection, considerations include whether the 
patient has indwelling foreign bodies such as a central 
venous catheter or endotracheal tube, is dependent 
on parenteral nutrition, or receives proton pump 
inhibitor or histamine-2 blocking therapy. Clinical 
signs and symptoms are variable and unfortunately, 
non-specific and can reflect non-infectious etiologies. 
Common presenting signs include respiratory distress, 
hemodynamic instability with poor perfusion or 
shock and temperature instability. Lethargy or poor 
feeding may be the only symptom initially. Metabolic 
changes may include hyperglycemia or hypoglycemia, 
acidosis and jaundice. Since signs and symptoms are 
nonspecific, the clinical diagnosis of  neonatal sepsis 
is extremely challenging.4  
 More reliable and consistently applied diagnostic 
criteria would help improve our knowledge of  the 
disease epidemiology. Several therapeutic attempts 
to control systemic inflammation in sepsis were 

unsuccessful. The initial signs and symptoms of  
EOS can be difficult to distinguish from normal 
newborn variation. The estimate of  a newborn’s 
risk of  sepsis at birth is crucial for determining 
appropriate monitoring, laboratory testing and/or 
treatment. Several prenatal and perinatal conditions 
are known to substantially increase the chance that a 
newborn will develop EOS, including preterm birth, 
prolonged rupture of  amniotic membranes, maternal 
GBS infection, and intrapartum antibiotic prophylaxis 
(IAP), maternal fever, chorioamnionitis, and a history 
of  a sibling with EOS.5 In particular, the clinical 
diagnosis of  chorioamnionitis may increase the risk 
of  EOS two- to sixfold.6   
 Early identification of  a newborn with EOS 
based on clinical and laboratory findings is difficult.7 
Several laboratory findings, including a low absolute 
neutrophil count, a high ratio of  immature to total 
neutrophil count, a high ratio of  immature to total 
neutrophil count divided by total neutrophil count, 
and an elevated C-reactive protein (CRP) level, are 
statistically associated with an increased risk of  
EOS. Unfortunately, many, if  not most, newborns 
with EOS have normal laboratory screening test 
results. Furthermore, negative predictive values of  
these tests are very high, but since prevalence of  
EOS in term newborns, even those with risk factors 
for sepsis, is low, a normal laboratory test finding, 
in isolation, is of  limited help in aiding clinical 
decision making. 
 Guideline recommendations to initiate treatment 
with intravenous antibiotics on all term newborns 
born to women with chorioamnionitis remain 
controversial. Due to potentially fatal consequences 
of  neonatal sepsis, antibiotics are administered 
empirically in many neonates. This means that 
antibiotics are administered before the clinician knows 
the causative pathogen or whether the neonate has an 
infection at all. This eventually leads to a significant 
overuse of  antibiotics in the neonatal population. 
Antibiotic use is not benign and has consequences on 
an individual and population level.8,9 Antibiotic use 
contributes to the development of  antibiotic resistant 
pathogens and superinfections. There is also research 
demonstrating links between antibiotic exposure and 
changes to the gut microbiome influencing obesity, 
asthma, and allergy.10 The Neonatal Intensive 
Care Unit (NICU) has been identified as a site for 
development and transmission of  antibiotic resistant 
bacteria because of  the frequency of  empiric antibiotic 
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therapy.11 Additionally, neonates are particularly 
susceptible to the consequences of  resistant infections. 
Laxminarayan estimates 214,500 global neonatal 
deaths annually attributable to resistant pathogens.12  
 To minimize the potentially adverse effects of  
antibiotic treatment, several guidelines have been 
established to guide the prescription of  systemic 
antibiotics in neonates.13,14 Investigators from Boston 
and Northern California have adopted a different 
approach for estimating the risk of  EOS at birth in 
newborns at 34 weeks gestation or later. Using data 
from more than 600,000 deliveries, they developed 
a model for assigning a numeric risk of  EOS in a 
newborn based on the following criteria: gestational 
age, maximal maternal temperature during labor, 
hours of  rupture of  membranes, GBS screening 
results in the mother and use and timing of  IAP.15 
The risk of  sepsis is further refined on the basis of  
clinical appearance of  the newborn (well-appearing, 
equivocal presentation, or evidence of  clinical illness). 
Specific criteria for these classifications are provided. 
The clinician can then consider the risk, estimate and 
determine the appropriate management for the baby. 
The recommendation from the originators is to start 
empiric antibiotic therapy if  the estimated risk of  EOS 
is 1.54 or more cases per 1000 live births. 
 Shakib compared current AAP and CDC 
guidelines to Neonatal Early Onset Sepsis (NEOS) 
Calculator. Application of  the NEOS calculator was 
estimated to reduce empiric antibiotic use by 65% 
of  the study population.16 Adoption of  the NEOS 
Calculator and a more precise risk stratification model 
to treat suspected EOS has the potential to decrease 
unnecessary antibiotic exposure, reduce health care 
costs, minimize antibiotic resistance, and lead to better 
health outcomes for neonates.17

 EOS of  the newborn remains a challenging clinical 
dilemma due to its relative rarity, high mortality and 
lack of  highly specific biomarkers. Incorporating the 
Kaiser Permanente NEOS Calculator as a clinical 
tool may dramatically reduce the number of  neonates 
who require antibiotic therapy leading to improved 
antimicrobial stewardship, reduce the need for IV 
access, laboratory monitoring and risk of  adverse drug 
events.
 This study examines an EOS management tool 
which may benefit the community and future practice 
in determining if  reduction of  empiric antibiotic use 
can be done while maintaining patient safety and 
achieving improved patient outcomes. The study 
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results will inform future practitioners regarding 
the treatment of  EOS which could result in reduced 
use of  empiric antibiotics in neonates suspected of  
having EOS. Furthermore, the findings of  this study 
provide baseline data to antibiotic administration 
using treatment guidelines that were in place from 
January 2013 to December 2017 at the UERMMMCI 
hospital.
 This study aimed to: 1) describe management 
recommendations using the Neonatal Early Onset 
Sepsis Calculator versus the CDC/AAP guidelines 
among culture-proven positive neonates ≥ 34 weeks 
AOG treated for early onset sepsis and 2) deter-
mine the agreement management between CDC/
AAP guidelines and Neonatal Early Onset Sepsis 
Calculator with regard to infants treated for early 
onset sepsis.

 
Methods
A retrospective chart review of  5 years’ data between 
January 2013 to December 2017 was conducted at 
UERMMMCI for infants ≥ 34 weeks gestational age 
treated for early onset sepsis. The NEOS calculator 
was applied to the data set to examine how an alter-
native model would perform compared to current 
guidelines published by the CDC and compared to 
current practice within the institution.
 The charts of  all infants ≥ 34 weeks gestational 
age who have received empiric antibiotics for early 
onset sepsis within 72 hours of  life between January 
2013 to De-cember 2017 at UERMMMCI Hospital 
were retrieved. Infants who received antibiotic therapy 
with an indication other than rule out EOS, with 
chromosomal abnormalities, or with major congenital 
anomalies were excluded. Using an estimated 
prevalence of  17%, 95% confidence intervals, and 
absolute precision of  10%, a sample size of  93 was 
determined. The prevalence rate was estimated 
based on study prevalence of  early-onset neonatal 
infection among newborns of  mothers with bacterial 
infection or colonization: a systematic review and 
meta-analysis.18

 Detailed information from mothers’ medical 
records was collected, including gestational age, 
intrapartum maximum temperature in Celsius (if  
the intrapartum temperature was not recorded, the 
temperature at the time of  admission was used), 
duration of  ruptured membranes, GBS status (filled 
as unknown due to unavailability of  data at the 
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participating facility), and the presence of  antepartum 
antibiotic administration. Antibiotic administration 
for the mother was categorized according to Puopolo 
and Escobar’s NEOS calculator.15 The investigators 
used the five variables to retrospectively calculate 
an EOS risk score at birth. Neonatal information 
included gestational age, birth weight, APGAR score 
on the 1st and 5th minute, CBC, blood culture results, 
antibiotic use and duration, and survival to discharge 
was obtained from the electronic records. Clinical 
presentation was determined using progress notes 
and documented vital signs in the first 12 hours of  life 
and patient was classified as having clinical illness, 
equivocal appearance, or well appearing status as 
described by risk the calculator author (available at 
https://neonatalsepsiscalculator.kaiserpermanente.
org/classification.aspx).
 Clinical illness was defined as a five minute Apgar 
score of  less than five, neonatal encephalopathy, use of  
vasoactive drugs, clinical seizure, continuous positive 
airway pressure, high flow nasal cannula, mechanical 
ventilation outside of  the delivery room, or need 
for supplemental oxygen to maintain saturation 
greater than 90% for more than two hours. Equivocal 
presentation was defined as a single vital sign category 
documented as abnormal greater than four hours 
apart, or two vital sign categories each documented 
as abnormal two hours apart in the first 12 hours of  
life. Well appearing was defined as not meeting the 
criteria for clinical illness or equivocal presentation in 
the first 12 hours of  life. In cases that were not clearly 
in one clinical category, the neonate was classified 
into the more severe illness category.
 The data were entered into the online NEOS 
calculator using the CDC national incidence of  
EOS of  0.5/1000 live births. Each neonate’s risk 
of  EOS per thousand live births and the treatment 
recommendations based on clinical presentation was 
recorded. Neonates were categorized as requiring 
empiric antibiotic therapy according to the CDC 
guidelines if  they showed clinical illness or were born to 
mothers with suspected/diagnosed chorioamnionitis. 
Following data collection, calculator recommendations 
for empiric antibiotics, blood cultures and vital sign 
monitoring according to clinical status was recorded 
for each subject.
 Data were analyzed using Stata version 13 
software. Mean with standard deviation were used 
to summarize continuous variables while categorical 
data were expressed using counts and proportions. 

To determine change or difference between treatment 
recommendations of  NEOS calculator and AAP 
guideline with blood CS, McNemar test was used. 
Management recommendations of  culture-proven 
sepsis were compared between NEOS calculator 
and CDC/AAP guidelines using Chi square test. 
Agreement between NEOS calculator and CDC/AAP 
was determined using Kappa value of  agreement. A 
p-value < 0.05 was used as cut-off  for significance. 
Measures of  accuracy were likewise computed using 
NEOS calculator and AAP guideline as the screening 
test and blood culture result as the reference standard.
 E th i c s  approva l  was  ob ta ined  p r io r  to 
implementation of  study procedures. All information 
from the electronic medical record that was reviewed 
would not reveal the identification of  the patients. 
The patients were tagged anonymously by assigning 
control numbers. There were no potential risks 
and no anticipated benefits to the individual 
participants. There was no communication between 
the investigators and the subjects in connection with 
the research. The waiver of  informed consent did not 
adversely affect the rights and welfare of  the subjects.

Results
Records review of  330 neonates revealed the following 
maternal profile: The mean age was 28.7 years with 
majority being primigravid and primaparous. PROM 
occurred in a third of  the mothers, majority of  which 
lasted ≥ 18 hours. The predominant mode of  delivery 
was cesarean section, mostly on an emergency basis 
(Table 1). Among neonates, majority were males at 
37-42 weeks age of  gestation, weighing on the average 
2844.8 grams, appropriate for gestational age (AGA), 
and having a mean Apgar score of  8 and 9 at 1 and 5 
minutes, respectively. Their mean age was 2.1 days. 
Majority (73.1%) were clinically well appearing as 
shown in Table 2.
 Among those in whom a blood culture was 
obtained, more than 95% were negative. Among 
those with positive results, the organisms grown 
were Acinetobacter lwoffii (3), Staphylococcus epidermidis 
(3), Klebseilla (2), Pseudomonas (2), E. coli (1) and 
Enterococcus  (1).  CBC results yielded a mean 
hemoglobin concentration of  162.7 g/dl, mean 
WBC count of  18.3 and mean platelet count of  
276.5 x 103 as shown in Table 3. Empiric antibiotics 
consisted primarily of  an ampicillin-aminoglycoside 
combination given on the average for 6 days. In cases 
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where antibiotics were shifted, duration was reduced 
to 5.3 days. The antibiotics were usually shifted to 

meropenem, or piperacillin + tazobactam as shown 
in Table 4.
 Among 47 neonates recommended to be started on 
antibiotics using the NEOS calculator, only 14% had 
positive blood culture results and among 283 neonates 
requiring only watchful waiting, 98.1% had negative 
blood culture results. This change or difference was 
significant at p < 0.001 as shown in Table 5. Among 
128 neonates recommended to be started on antibiotics 
using the AAP guideline, only 5.1% had positive blood 
culture results and among 202 neonates requiring only 
watchful waiting, 97.5% had negative blood culture 
results. This change or difference was significant at  
p < 0.001 (Table 5).

Table 1.  Maternal profile and intrapartum conditions.

Maternal Characteristics            n (%)

Mean maternal age + SD (yr)         28.7 + 5.9

Gravidity 
 Primigravid              194 (58.8)
 Multigravid (≥ G2)           136 (41.2)

Parity 
 Primipara              207 (62.7)
 Multipara (≥ P2)            123 (37.3)

PROM 
 PROM < 18h               28 (25.7)
 PROM ≥ 18h               71 (65.1)
   PPROM                 10 (9.2)

Mode of  delivery 
 NSD                143 (43.3)
 Vacuum extraction             13 (3.9)
 Cesarean section            174 (52.7)
  Elective                  4
  Emergency             170

Table 2.  Neonatal profile and clinical presentation.

Neonatal Characteristic            n (%)

Sex 
 Male                196 (59.4)
 Female                134 (40.6)

Gestational age in weeks 
 34-36                  32 (9.7)
 37-42                298 (90.3)

Mean age in days + SD           2.1 + 2.2

Mean birthweight in grams + SD      2844.8 + 619.2

Weight for age classification 
 SGA                   36 (10.9)
 AGA               270 (81.8)
 LGA                 24 (7.3)

Apgar score 
 Mean score at 1 minute + SD        8.4 + 1.1
 Mean score at 5 minutes + SD       8.8 + 0.6

Clinical Presentation 
 Clinical illness              37 (11.2)
 Equivocal               52 (15.7)
 Well appearing            241 (73.1)

Table 3.  Laboratory findings in neonates suspected of EOS.

Laboratory Parameters            No. (%)

Blood culture and sensitivity 

Positive                   11 (3.5)
 Acinetobacter lwoffii                3
 E. coli                     1
 Enterococcus                   1
 Klebsiella pneumoniae                2  
 Pseudomonas                     2
 Staphylococcus epidermidis               3

Negative                 303 (96.5)

Complete blood count 
 Mean Hgb + SD (g/dl)           162.7 + 25.3
 Mean WBC + SD              18.3 + 7.2
 Mean platelet count + SD (x 103)       276.5 + 78.2

Table 4.  Antibiotic use and duration of treatment.

Empiric Antibiotics              No. (%)

 Ampicillin-amikacin             325 (98.5)
 Meropenem-amikacin                 1 (0.3)
 Oxacillin-amikacin                 2 (0.6)
 Piperacillin + tazobactam               2 (0.6)

Mean duration in days of  empiric antibiotics + SD  6.0 + 2.3

Shift of  antibiotics 
 Ampicillin to meropenem            5
 Ampicillin to ceftazidime            1
 Ampicillin to cefotaxime             1
 Ampicillin to piperacillin + tazobactam       5
 Oxacillin to ampicillin             1

Mean duration in days prior to shift of  antibiotics + SD 5.3 + 2.6
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 The NEOS Calculator identified 6 out of  11 blood 
culture-positive neonates to be started on antibiotics 
and 87.8% of  blood culture-negative neonates to be 
observed. It missed to identify as requiring watchful 
waiting only 12.3% of  those negative on blood culture 
and missed to identify as requiring antibiotics 45.5% 
of  those positive on blood culture, as shown in Tables 
5 and 6. Among those recommended to be started on 
antibiotics, 14% were positive on blood culture and 
among those recommended to be observed, 98.2% 
were negative on blood culture. The overall accuracy 
of  using NEOS calculator is 86.6%. There is a small 
increase in the likelihood of  a positive blood culture 
given that it is recommended to start antibiotics and 
a minimal decrease in the likelihood of  a positive 
blood culture given that only watchful waiting is 
recommended (Table 6).
 The AAP guideline identified 6 out of  11 of  blood 
culture-positive neonates to be started on antibiotics 
and 72.2% of  blood culture-negative neonates to be 
observed. It missed to identify as requiring watchful 

waiting only 37.0% of  those negative on blood culture 
and missed to identify as requiring antibiotics 45.5% 
of  those positive on blood culture, as shown in Tables 
5 and 6. Among those recommended to be started on 
antibiotics, 5.1% were positive on blood culture and 
among those recommended to be observed, 98.3% 
were negative on blood culture. The overall accuracy 
of  using AAP guideline is 71.7%. There is a minimal 
increase in the likelihood of  a positive blood culture 
given that it is recommended to start antibiotics and 
a minimal decrease in the likelihood of  a positive 
blood culture given that only watchful waiting is 
recommended (Table 6).
 Using NEOS calculator, starting antibiotics is 
recommended in 14.2% and watchful waiting in 
85.8%. Using AAP guideline, starting antibiotics is 
recommended in 39% and watchful waiting in 61%. 
There is a significant difference in the treatment 
recommendations between NEOS calculator and 
AAP guidelines (p < 0.001), as shown in Table 7). In 
terms of  agreement between the two methods, among 

Table 5.  Comparison of management recommendations using NEOS Calculator and and AAP guidelines in culture-
proven sepsis

Management Recommendation            Blood CS           Total   p-value*
          Positive   Negative  

NEOS Calculator     
 Start antibiotics      6 (14.0)     41 (86.0)     47    < 0.001 
 Watchful waiting      5 (1.9)   278 (98.1)   283  
     
AAP guidelines     
 Start antibiotics      6 (5.1)   122 (94.9)   128   < 0.001 
 Watchful waiting      5 (2.6)   197 (97.5)   202

    *McNemar change test 

Table 6.  Summary table of measures of accuracy using NEOS Calculator and AAP guideline in culture-proven sepsis.

Measures of  Accuracy       NEOS Calculator     AAP Guideline

Sensitivity          54.6%       54.6%
Specificity          87.8%       72.2%
False positive          12.3%       37.0%
False negative          45.5%       45.5%
Positive predictive value        14.0%         5.1%
Negative predictive value        98.2%       98.3%
Diagnostic accuracy        86.6%       71.7%
Likelihood ratio of  a positive test        4.45         1.96
Likelihood ratio of  a negative test        0.52         0.63
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Table 7.  Comparison of treatment recommendations between NEOS Calculator and AAP guideline.

Treatment Recommendation    NEOS calculator   AAP guideline    p-value*

Start antibiotics        47 (14.2)     128 (39.0)     < 0.001
Watchful waiting      283 (85.8)     202 (61.0) 

*Chi square test

Table 8.  Agreement between NEOS Calculator and AAP guideline in terms of treatment recommendations.

NEOS calculator     AAP Guideline    Total  Kappa value  p-value1

     Start antibiotics     Watchful waiting   

Start antibiotics   44 (93.6)        3 (6.4)     47    0.372  < 0.001
Watchful waiting   84 (29.7)    199 (70.3)  283  
Total          128     202    330  

1Kappa value of  agreement

those recommended to be started on antibiotics by 
NEOS calculator, 93.6% were also recommended to be 
started on antibiotics by AAP guideline. Among those 
recommended watchful waiting by NEOS calculator, 
70.3% were likewise recommended the same by AAP 
guideline. However, such agreement though significant 
(p < 0.001) is slight (K = 0.372) between NEOS 
calculator and AAP guideline in terms of  treatment 
recommendation (Table 8).

Discussion
Early onset neonatal sepsis is a systemic infection 
occurring in infants at ≤ 72 hours of  life and is an 
important cause of  morbidity and mortality of  
newborns.19 Neonatal sepsis remains a major health 
problem in developing countries, including the 
Philippines, and is the major cause of  mortality of  
newborn with the mortality rate of  14.2%.3 Despite 
the high burden of  neonatal sepsis, high-quality 
evidence in diagnosis and treatment is lacking.20 
The clinical presentation of  infections can be subtle, 
prompting clinicians to empirically start antibiotics 
when infection is a possibility. In a study of  5,693 
extremely low birth weight neonates, 98% received 
antibiotic treatment in the first three days of  life, 
while only 2% of  the neonates had positive blood 
culture results. Each additional day, empiric treatment 
was associated with a 4% increase in the odds of  
necrotizing enterocolitis (NEC) and a 16% increase 
in the odds of  death. Kuppala reports the prolonged 

administration of  empirical antibiotics was associated 
with increase of  necrotizing enterocolitis, late onset 
sepsis and death.21

 The EOS calculator was designed to estimate 
the risk of  EOS in all neonates born at ≥ 34 weeks 
of  gestation.22 The use of  the evaluation for sepsis in 
neonates and empiric antibiotics in neonates at risk for 
EOS were noted to be reduced by the EOS calculator. 
The calculator used maternal risk factors and clinical 
signs in 86 neonates, both of  which can be difficult 
to interpret and vary widely in the population of  
neonates with culture-proven EOS.23 The investigators 
found that the Kaiser Permanente Neonatal EOS 
Calculator recommends the use of  empiric antibiotics 
in infants less than the management recommendation 
criteria of  the CDC guideline. Current practice favors 
over-treatment helping to ensure no cases of  EOS are 
missed due to the potential morbidity and mortality 
of  untreated sepsis. In this study, the neonates that 
the NEOS Calculator recommends to treat had 
risk factors that warranted empiric antibiotics, but 
the neonate was well enough at 48 to 72 hours to 
discontinue treatment.
 For diagnosis of  neonatal sepsis, blood culture is 
the gold standard but the positivity rate is low. Blood 
culture result is affected by blood volume inoculated, 
prenatal antibiotic use, level of  bacteremia and 
laboratory capabilities. The prevalence of  culture-
positive EOS in our population was low. In our sample 
of  330 newborns, there were 11 infants (3.3%) who 
were culture-positive. This study showed that gram 
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negative organisms were the most common pathogenic 
bacteria cultured. A previous study in the Philippines 
also reported the same findings.20

 A previous research conducted by Carola found 
out that of  896 newborns treated with empiric 
antibiotics, the EOS calculator had poor sensitivity 
and positive likelihood ratio (LR+) when compared 
with CBC and CRP in evaluating the possibility of  
Early On-set Sepsis Calculator.24 A study in Utah by 
Shakib on 698 newborns reported reduced antibiotic 
exposure using the EOS calculator, but there was 
only a noted case of  culture positive sepsis.16 Similar 
findings were also reported by Warren, who reported 
that the EOS calculator recommended empiric 
antibiotics for a significantly smaller proportion of  
infants compared with CDC guideline criteria, and 
recommended antibiotics for all seven cases of  culture-
negative presumed sepsis that received full courses of  
therapy; however no cases of  culture-positive sepsis 
were observed in this study.
 A more recent study from the authors of  the 
neonatal early onset calculator reported a decrease in 
empirical antibiotic administration and blood culture 
use while using EOS risk prediction models in sepsis 
evaluation. The study reported any significant increase 
in the rate of  readmissions of  early onset sepsis. 
However, this study reported the EOS calculator 
failed to recommend five neonates with culture proven 
EOS (50% from the infants with EOS). Five neonates 
developed symptoms before discharge which prompted 
evaluation and antibiotic therapy. From this cohort, 
the authors noted also that the EOS calculator and 
CDC guidelines failed to identify almost 50% neonates 
with proven positive cultures.24

 The present study is consistent with a recent study 
that showed that the EOS calculator is a simple and 
safe tool to help clinical decisions which can reduce 
the number of  uninfected infants who were assessed 
and treated with empiric antibiotics for suspected 
early onset sepsis and did not result in any case of  
late presentation of  EOS or treatment delay.25 A large 
number of  practitioners are using the neonatal EOS 
risk calculator for the management of  neonates born 
to mothers with chorioamnionitis. In spite of  concerns 
about the performance of  the EOS risk calculator and 
the use of  manpower and resources to implement it, 
the use of  EOS risk calculator is increasing.
 The limitation of  this study is that it is retrospective 
and was only carried out in a single center. Many 
newborns with neonatal sepsis are not included 

because the data needed to calculate the risk of  EOS 
is incomplete or ambiguous. Furthermore, no follow-
up after initial discharge of  the neonates was done. 
It is not known if  there were hospital readmissions 
for infection or if  the neonates suffered any adverse 
outcome related to antibiotic treatment.
 Present data suggest that that implementation of  
the Kaiser Permanente Neonatal Early Onset Sepsis 
calculator would result in an 87.2% reduction in the 
number of  neonates unnecessarily treated with broad-
spectrum antibiotics for suspected EOS, and 65% 
compared to the CDC and AAP guidelines. The CDC 
guidelines recommended empiric antibiotic treatment 
in 118 patients (35%) compared with 43 patients 
(12.9%) when using the EOS calculator. The present 
study showed the same sensitivity between the NEOS 
Calculator and CDC/AAP guideline. The evaluation 
with the NEOS calculator had a better specificity, 
negative likelihood ratio (LR-), and diagnostic 
accuracy for predicting EOS compared to the CDC/
AAP guideline. However further studies in different 
settings are warranted, and for the implementation 
in the local context,  its  use  should be carefully 
evaluated.
 Research linking antibiotic use to obesity, asthma, 
and allergies is cause to rethink the threshold for 
initiating empiric antibiotics in neonates. A better 
strategy is needed to safely limit the sepsis evaluation 
and the use of  broad-spectrum antibiotics in neonates 
born to mothers with chorioamnionitis and with 
suspected early onset sepsis. The sepsis calculator 
is relatively simple and clinically easy to use and 
significantly reduces the use of  empiric antibiotic 
in newborn suspected with early onset sepsis. The 
application of  this early onset sepsis calculator 
should be evaluated prospectively for the safety of  this 
approach and good clinical observation remains very 
important.
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